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FOREWORD BY THE EDITOR 


The genesis, morphology, classification and use of tropical 
soils has received considerable attention in the literature; yet in 
spite of this attention much confusion still exists as to the real 
nature of soil formation and development in the tropics. It has been 
said that a part of this confusion is related to the fact that many 
of the studies on tropical soils have been conducted by vorkers vhose 
main Interests lie in the soils of the temperate zone. Their interest 
in tropical soils may have been stimulated by a hasty trip into the 
equatorial regions, and they have brought back sam.ples for analysis 
vhich pay or may not have been typical of the region from which they 
came. 


Doctor E. C. J. Mohr, although a native of Holland, has spent 
an aggregate of many years in the Netherlands East Indies. He has 
travelled over essentially all of the islands and is thoroughly ac- 
quainted with their geology, soils, and agriculture. He can therefore 
be definitely classed as a long-time resident of the tropics and one 
who has been intimately associated with the soil problems. 

Because so few English-speaking persons read the Dutch lan- 
guage, Doctor Mohr's writings have not been widely read in this 
country. With the rapidly increasing Interest of American scientists 
in the Latin and South American countries, it will undoubtedly be of 
considerable Importance to have available, in English, Doctor Mohr's 
data, experiences, and viewpoints on tropical soils as well as on 
their relation to agricultural use. The soil scientist Interested 
primarily in the genesis, morphology, and classification of tropical 
soils will undoubtedly welcome the opportunity to become acquainted 
with Doctor Mohr's ideas. 

The translator. Doctor Robert L. Pendleton, has had some 
twenty years of intimate contact with tropical soils, and, coupled 
with his intensive study of the Dutch language, is will qualified to 
make readily available to the English-speaking world this treatise on 
the soils of the Netherlands East Indies. 


Cornell University 
Ithaca, N.Y. 
February 22, 19^3 




TRANSLATOR'S MOTES 


That there are outstanding differences between certain soils In temperate 
regions and certain other soils of equatorial regions cannot be denied. To continue, 
^however, to think of tropical soils as an entirely separate group Is as great a mistake 
as to consider the soils of humid temperate regions separately from soils of arid tem- 
perate regions. Since, however, the soils as a whole of equatorial regions have been 
so Inadequately described, there Is great need of making more easily available such 
literature regarding them as does exist. 

The contributions by Professor Mohr to the description and Interpretation of 
the nature and of the development of equatorial soils are outstanding. This Is without 
doubt because of the fact that after spending some years In the Netherland East Indies 
In the study of the soils of that enormous and varied equatorial region, Mohr had the 
good fortune to visit Dr. Hllgard In California. Mohr caught the significance of Hll- 
gard's discovery of the effects of climate upon soils, a discovery which Hllgard had 
made Independently of the similar Russian discoveries. Upon his return to Insullnd, 

Mohr proceeded to use Hllgard* s theory to explain the reasons for the existence of the 
exceedingly diverse soils which are found In this equatorial region. Thus was laid 
the foundation for Mohr’s refreshingly different discussion of tropical soils which I 
translated and Issued In mimeographed form In 1929 for the use of my students In the 
College of Agriculture, University of the Philippines. After Professor Mohr had checked 
and revised that translation, It was later (l933) published In Peiping by the National 
Geological Survey of China with which I was then associated. 

Soon thereafter the Colonial Institute of Amsterdam published the first part of 
Professor Mohr’s much more comprehensive treatise on equatorial soils. From time to 
time there appeared five additional parts of this work: 

De Bodem der Tropen in het Algemeen, en die van Nederlandsch-Indle 
In het Bijzonder. door Dr. E. C. Jdl. Mohr. 

Deel 1 

Erste stuk (l953) pages 130. 

Tweede stuk (l933) pages 131-335 • Colored plates 2, 
half-tones 40, map and sketches 5* 


Deel 2 

Erste stuk (l93^) pages 142. Half-tone plates 66, 
sketches 5* 

Tweede stuk (l935) pages 14^-342. Half-tone plates )4, 
sketches 6. 

Derde stuk (l937) pages 343-572. Half-tone plates 35, 

1 map. 

Vlerde stuk (1938) pages 573-8l6. Half-tone plates 59, 
1 sketch. 

Konlnklljke Vereenlglng Kolonlaal Instltuut, Amsterdam. 

Mededeellng 31, Afdeellng Heuidelsmuseum No. 12. 
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THE SOILS OF EQUATORIAL REG I ONS 

Gradually, as opportunity has offered, I have worked at an English translation. 

In the earlier part of this work I had the assistance of my former teacher, Mrs. Ine 
Mann der Hollander. In the last few years It was necessary to push on with the trans- 
lation unaided. Hence there are, doubtless, Inaccuracies In the rendering, particularly 
of colloquial expressions. Moreover, because It seemed advisable to follow the orig- 
inal as closely as possible. It has been Impossible to avoid a certain lack of smooth- 
ness In the rendering into English 

I am grateful both to Dr. B. M. Gonzalez, Dean, College of Agriculture, Univer- 
sity of the Philippines, and to Pra Chuang, Director-General, Royal Department of Agri- 
culture, Bangkok, Thailand, for permission to use official time to continue this trans- 
lation. 


Both the Colonial Institute and Professor Mohr wore most generous In granting 
permission for the publication of this English translation. The Institute even offered 
the use of the original half-tone and color blocks for use In the English edition. Un- 
fortunately, the turn of events In Western Europe completely Interrupted communication 
with Professor Mohr shortly after I received a letter from him from his home at Sant- 
poort, near Amsterdam, stating that he was actively engaged In the checking and revi- 
sion of my translation, and that he was expecting to rewrite certain portions of the 
general discussion to bring them fully up to date; If this project could have been 
carried to completion this English version would really have been a new book and not a 
mere translation. 

Since further collaboration with Mohr has been Impossible, and may continue to 
be so for a long time to come, this translation has not had the benefit of his checking 
and revision. It Is hoped that any Inaccuracies In the rendering will be pardoned, and 
it Is also hoped that when peace at last returns It will be possible to renew contact 
with Professor Mohr and that a revised edition of this English version can be published. 

Robert L. Pendleton 

Central Agricultural Experiment Station 
Bar-gkhen, Bangkok, Thailand (Siam) 

October 1 , 19^0 


By the fall of 19^0 the censorship to which all written communications, maps, 
and photographs from Thailand were being subjected was so severe that there appeared to 
be little chance of this manuscript and the original publication getting through. At 
that time, of course, we did not Imagine that we would be Interned In Bangkok for many 
months In 19^2, and did not guess that there would be practically no possibility of 
bringing out manuscripts with us when we did come. I am therefore deeply Indebted to 
Dr. Douglas R. Collier, of the Presbyterian Hospital, Chlengraal, Thailand, who. In 
spite of great Inconvenience to himself. In October 19^0 gladly undertook to bring a 
copy of Mohr’s book In Nederlandsch and the manuscript of this translation with him to 
the United States. This English edition la evidence enough that he was successful In 
hla struggles with the censors! 

To Dr. Richard Bradfleld, Head, Department of Agronomy, and to Dr. Robert P. 
Chandler, Jr., Associate Professor of Forest Solis, both of Cornell University, I am 
particularly Indebted for the great amount of time and effort they devoted to editing 
this translation. 

And In conclusion I wish to express my gratitude to Mr. Ralph H. Allee, Chief, 
Division of Latin -American Agriculture, Office of Foreign Agricultural Relations, and 
to Mr. J. W. Edvards, of Edvards Brothers, Inc., Ann Arbor, Michigan, who have made 
possible the publication of this translation In spite of unusual difficulties. I am 
also grateful to Mr. E. C. Lawson and others of the Department of State who have 
enabled me to do most of the proof reading while stationed In Central America. 

Robert L. Pendleton 

Managua, Nicaragua 
1 September 194^ 
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FOREWORD 


During the last century in Europe, and In the last half century in North America 
research has done much to Increase the knowledge of the soil. The results of all this 
«ork have been published In all sorts of books and journals; but, because the soil Is' a 
subject with which not only agriculture but also numerous other Industries, professions 
and public services have to do, that literature Is cut up quite beyond measure into 
little pits and appallingly scat tenf^d . 


It gradually became more and more Impracticable, without spending a dlspropor- 
tlonye amount of time and trouble, to study up on the literature of any one subject or 
another concerning the soil In order to bo properly Informed as to the status of the 
subject . 


The generally felt need of freeing on( 33 elf from the necessary obligations of 
every time commencing from the beginning regarding everything which had been recorded 
on one subject or another in soil science has been the cause of the preparation by 
E. Blank of the Handbuch der Bodenlehre” published in I929-I932 in 10 good-sized 
volumes . 


But although that work in many respects is an admirable whole and contains a 
wealth of things worth knowing, which ma^ be easily and quickly located--yet the tropi- 
cal regions are very Inadequately treated In ^hat handbook. This is not strange, be- 
cause of the many soil scientists and other researchers who have assisted in the prepa- 
ration of the Handbook, only a few have lived for more than a short time in the tropics 
and there gathered scientific knowledge of the soil. 

Thanks to the very Intensive study, especially of agriculture, in the last 
quarter century, and properly speaking even much longer, something similar has come 
about In the tropics and particularly in the Netherlands L.dies, as was mentioned above 
as taking place in Europe and in the United States of North America. Very considerable 
is the number of observations and Investigations carried out upon the soils of the Neth- 
erlands Indies and very widely scattered in a considerable number of publications, which 
lor the greater part were published in only limited editions and are therefore difficult 
of access for the present-day workers and will be much more so for the coming genera- 
tions. Many researchers, espj?cially those who are carrying out work on soils, particu- 
larly in the Netherlands Indies, will experience this difficulty. 

Thus it seems desirable to gather together all those loose bricks and stones, 
those uncorrelated and scattered papers, some of which may at times be found only with 

difficulty, and to begin to raise up out of them a complete structure. In other words, 

out of all this knowledge about the soil, which up to the present time Is so alarmingly 
scattered about, an endeavor should be made to put together such a publication, so that 
the Investigators of the soil in the Immediate and more distant future, need no longer 
feel obliged, at least not to the same extent, to dig up and to sort all the earlier 
publications but, with this book as a guide, might be able to decide what for him seems 
to be essential and of value. 

It would of course seem logical that such a handbook ought to be written in the 
region to which it especially applies, that is, in the Netherlands Indies themselves, 
for nowhere else are to be found the data for it so well as there. Yet that is not en- 
tirely correct, since those who in the Netherlands Indies as a result of their actual 
^ork may be thought to be in a position to write such a book frequently have their days 

30 crowded, are so much engrossed, that in spite of the best intentions it would oe 

lulte impossible for them to find the time necessary for such a task. Consequently such 
tasks must be left to those who have been pensioned after their repatriation. 
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When then at the suggestion of the Director of the Coinmorcial Museum Section I 
vas instructed by the Administrative Council of the Colonial Institute to write a book 
on the soils of the Netherlands Indies, there was granted in connection with my tempo- 
rary deputation to the Experiment Station of the Java Sugar Industry, an additional few 
months for travel in those portions of the Netherlands Indies which during my official 
travelling (up to 1920) wore still unknown because I had not seen them myself and which 
axso were still very inadequately explored pedologlcally . Although from the begiiming 
the difficulties of this task were by no moans under-estimated, I assumed that commis- 
sion with pleasure. 

Without exception all sorts of Bureaus, organizations, and individuals with whom 
ideas were exchanged about the plans accepted the suggestions; and even more than that 
they agreed to cooperate. It was a pity that the circumstances of the financial crisis, 
and the resulting retrenchment in personnel and budget in the Indies, made it possible 
to make good the promises only to a very limited extent, and it is apparent that in the 
immediate future not much improvement is to be expected. This is very much to be re- 
gretted, for as is typical of all things human, this work, even before It has been com- 
menced has been rendered much less perfect and still more incomplete than it might 
otherwise have been. 

There is however this consolation both for the reader and for the writer, 
namely, that this book is not intended to be a culminat 1 on--i t Is not a principal sta- 
tion along the possible road of soil science; it is, at most, a junction station along 
this road from which point many kinds of lines run out, which in their time will, be 
further developed by others. 


•H 


* K 


Now as to the contents of this book: the logical and, therefore, perhaps also 
the Indicated divisions might bo as follows: having begun with (1) the presentation of 
mere observations, thus with those matters which might be called an objective descrip - 
tion of that which is to be seen and noted with reference to the soil in the tropics, 
particularly in the Netherlands Indies, then (2) to follow up with the gc.uioral conclu- 
sions which are to be deduced from these observations, thus to build up the relation - 
ships , the science , and (3) finally to go once more through the whole field of observ6)d 
facts, explaining them with the help of the general points of view which have meanwhile 
been obtained. 

There are, however, difficulties in handling the material in this way. In the 
first place many of the readers have already had at lijast some tropical experience; for 
them an introductory description by itself does not have atiy of the attractiveness of 
novelty, hence the interest of the reader would be very apt to rapidly slaken. Secondly , 
an objective description is difficult to render; in spite of everything ev(?ry writer 
soon develops his own conceptions, his own plan of action, and so is well nigh unable 
to avoid giving great weight in his writings to some qualities which later may appear to 
be of subordinate value; on the other hand he may leave out of his descriptions other 
less conspicuous peculiarities of the soil, though later these may prove to be of 
essential importance. 

Because of these reasons that line of action was not chosen but rather I decided 
to start this book with the point of view that there is already available factual ma- 
terial that is extensive and known to many, from which the beginnings of a tropical soil 
science have already begun to be worked out. Hence even though many important gaps must 
be pointed out we start with the explanation; moreover many hyfiotheses have been stated 
which probably in the opinion of certain readers as in my own, cannot plead freedom from 
a certain speculative element. However, it seems to me that it is better to state at 
once the most probable hypotheses, so that they may be criticized and further studied 
than that we say nothing about them. 
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After this general part there follows a regional description of the soils of 
the Netherlands Indies, in the course of which in a number of special cases, the gen- 
eral points of view are set out, and both confirmation and debatable points are 
indicated . 

In this way, I hope I have achieved a rounded understandable treatment of the 
subject. In this I hope I have not been mistaken, and at the same time have succee‘d(;d 
in inspiring younger Investigators to undertake with, if possible, even more zeal the 
I'urlher investigation of the soils of the Indies. Only if this result bo achieved 
shall I consider myself happy and successful in this workl 


Amsterdam, December, 19^2. 




Part I 


GENERAL CONSIDERATIONS 




Chapter 1 


THE POINT OF DEPARTURE: THE ROCKS WHICH SERVE AS 
PARENT MATERIAL FOR SOIL FORMATION 


1. GTillTEML CONSIDERATIONS 

Practically upoaking, all colls 
originate from solDi or more or loss, 
ground uj) rocks , which have either re- 
rnairHsl in place oi* which have- been trans- 
ported. And rocks arf.,- composed of miner - 
als, S(.;idom of only one, almost always of 
many kinds of minerals. The minerals are 
r e c o gn i z ab 1 e e i t h( ? r 1 ) y t he 1 r d i s t, J nc t i v e 
method of crystallization, or by their 
rorm, color, or a number of other charac- 
ter Is, tics. Among th(; characteristics 
which interest us there are especially the 
following: the manner in which the miner- 
als react to weathering inf luences-- to the 
factors of soli i’ormatlon. In the field 
of soil science we arr; concerned primarily 
with the mineral composition of rocks, (cs- 
p e dally sine e e .• i c h m 1 1 i e r a 1 goes t h r o u gh a 
characteristic weathering process. From 
the Stan d p o i n t o 1 ’ s o i 1 s c; I e nee, p r o vide d 
that the' mineral compositleij Is the same, 
it is c;f no cons>eqijenC(.; whether, for ex- 
ample, a certain limestone is of the chalk 
age or belongs to thcj Miocene; or whethe-r 
a Certain granite is PreCambrlan or Neo- 
cene. Historical geology is of signifi- 
cance for soil science only in so far as 
it is related to petrology, the science 
which deals with I’ocks and tdieir minerals. 
This is of course not denying tir.- fact 
that a C(3rtain pi lace oji our earth has had 
a certain history, aiid tiierefore at that 
place certain kinds of rocks have been 
formed in certain geological historical 
periods. To him wIkj knows that re;lation, 
a historical geological designation fir.-- 
quentiy stands out and enables him to rec- 
ognize immediately the presence of a cer- 
tain group of rocks. However, this is not 
always the case. Thereforfp, one quite 
ofteu finds in colloquial exx^resslons such 


crui trad ic t i ojis as: young vo]cai:ic rock.: 
c Oil tra;: ted w 1 t,h Te-r t lary f o rma 1 1 on s , or 
worse St, 111, young '/olcanlc soils as con- 
tras t^ud with Tertiary soils, expross^ions 
which can be con.ddero'd inaccurate in their 
uncertainty. 

After what has been said, the reader 
might now expect that we would commence by 
dividing the rocks according to their min- 
eral composition. If, however, we first 
start with a division according to the 
method of rock formation, the reasons aro: 
1s t that the methods of formation may be 
surveyed at a glance, and ?nd , as it will 
appear, at the same time the methods of 
1‘ormatlon also determine the mineral com- 
position. In fact, in petrology this Is 
the only way to approach the subject. 

These then are the reasons for 
first making the following division of 
the rocks Into the broad groups: 

A. Rocks which as such have 
solidll’led from an extremely hot liquid 
state, the congealed or igneous rocks . 

B. Rocks which as such are made up 
of and have become solid from previously 
incoherent yet in themselves already solid 
fragments and particles, brought together 
and deposited from water or from air: the 
sedimentary rocks . Besides these there is 
also the following group :-- 

C. Rocks originating from rocks 

of group B and possibly also from group A, 
as a result of the action of high pressure, 
accomrianied as a rule by high temperature 
ovt:r a long time, so that even without melt- 
ing a recrystallizat ion to new minerals can 
occur, and properly speaking all character- 
istics of the rock are altered, barring an 
unusually maintained stratification: the 
m et amor xihic rocks. 
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Let us first consider the igneous rocks . 

It is self evident that the forma- 
tion of these rocks cannot be considered 
in detail.^ In connection with weathering 
only a few points demand mention; these 
will be taken up subsequently. 

Very deep, sometimes kilometers 
beneath the earth’s surface Is found the 
"stove" In which Is the glowing liquid 
mass, called the magma . Through causes 
which need not be considered here, the 
magma Is forced upward, through one or more 
fissures, and comes out at the surface. 

Then either one of the two following things 
may happen: 

1. The magma may flow out quietly 
and by cooling congeal as lava. This Is a 
collective name for all such rocks, for 
since no matter how much they sometimes 
differ among themselves, all have solidi- 
fied In the same manner. 

2. The magma may not flow out 
quietly. This Is because of the enormous- 
ly high pressure to which the magma Is sub- 
jected. Deep down In the earth there are, 
notwithstanding the high temperature, gases 
dissolved In the magma. If such gas -laden 
magmas are forced to the surface where 
there Is but one atmosphere of pressure, 
one can easily understand that the whole 
viscous liquid enormously expands and in 
extreme cases Is exploded to dust-fine 
droplets. Examples of this are the awful 
explosions of the Kloet In 1901 and 1919 
which terrified the whole of Java. 

Drops of magma, especially the 
tiny dust -fine droplets, flying through 
the air congeal very quickly. In a matter 
of minutes, solldfylng to glass, for the 
constituents have no time to crystallize. 
Time Is quite necessary for the formation 
of crystals, this Is more so when origi- 
nating In viscous liquids. A lava stream 
cools very slowly. The length of time re- 
quired depends upon the thickness of the 
flow, and may continue for weeks, months, 
or even years. Hence as Is well known 
crystals can grow In lava flows, though 
even much of the material congeals to 
glass. The magma which remains stationary 
In the crater pipe and that which has been 
Injected Into the lateral fissures cools 
still more slowly. As a consequence, 


relatively more crystals should form, with 
a correspondingly smaller quantity of glass. 
Finally, at still greater depths, where the 
main magma mass remains at rest, cooling 
off occurs so slowly that the congealing 
takes centuries; In such cases the result- 
ing rock Is completely crystalline. 

It Is a well-known phenomenon that-, 
whether simply In a solvent, or In a liquid 
which chemically attacks the molecules of 
the crystals, the solution of crystals takes 
place more slowly and with greater diffi- 
culty If the crystals are large, homogene- 
ous and pure, than when they are small. 
Impure and full of Inclusions. One can 
also say that the speed of solution or at- 
tack by the solvent Is proportional to the 
contact surface, hence when one wants to 
quickly dissolve crystals, he grinds them 
fine In a mortar, and If one brings Into 
contact with the solvent the same material 
as that of which the crystals are formed, 
but in the colloid state, the solution takes 
place still more rapidly. 

If we apply this theory to the rocks 
referred to, then the weathering which Is 
caused by the water which circulates In con*- 
tact with the rocks, must more quickly at- 
tack Ist the finely divided rocks--!. e., 
the blown-out ash, the sand and the porous 
pumice stone, than the hard and compact 
rocks; and 2nd more quickly attack the 
amorphous colloidal glass -containing vol- 
canic rocks than the deepseated rocks con- 
sisting of massive, hard, homogeneous 
crystals . 

Consequently, a genetic classifica - 
tion of the rocks according to the depth 
and the method of their formation gives at 
the same time a classification according to 
their weatherablllty . This Is of great 
significance In soil formation. 

Therefore the rocks which have con- 
gealed from the liquid state, the magmatic 
or igneous rocks, may be classified as 
follows : 

a. rocks which have solidified deep In 
the earth, the plutonlc rocks 

b. rocks which have solidified on their 
way to the surface of the earth, the 
Intrusive rocks 

c. rocks which were still fluid when 


1. For this the reader might refer to the handbooks on petrology and geology. For example, the Noder- 
lemdach works: B. G. Escher, De Gedaanteverwlseellngen der Aardo (Wereldbibl. ) ; L. M. R. Rutten, 
Voordrachten over de Geologie van Nederlandech-Indle, Groningen, 1927* 
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they reached the earth’s surface and 
only then became solid: the volcanic 
rocks , which may be subdivided again 
Into outflovlng or effusive rocks 
and blown out or efflata rocks . 

Consequently from one and' the same 
•magma there can exist three kinds of rocks, 
with, of course, all kinds of transitional 
forms: rocks which, with the exception of 
small differences caused by the escape of 
volatile constituents, have the same total 
chemical composition, but with very dif- 
ferent mlneraloglcal composition and phys- 
ical nature, and consequently with very 
different weatherablllty . 

A second point which now Invites 
attention Is that the magma which arises 
from the depths of the earth Is by no 
means always the same, but may be very 
different In chemical composition - The 
result of this diversity is that upon con- 
gealing a great variety of minerals crys- 
tallize: moreover, these minerals occur In 
the rocks In very different relationships. 
Judging them according to the mlneraloglcal 
composition, the number of rocks that 


occurs on the earth, or even only tiioso mot 
with In the Netherlands Indies, Is sypall- 
Ingly great. 

Nevertheless - -It appears upon a 
closer view that, although almost ail t.n.; 
known 100 chemical elements are prosc-nt In 
rocks, yet In most rocks only a scant do/, on 
of them play a definite role In determining 
the character and behavior of the ‘rocks . 

For our purpose provisionally we can l(;aYe 
the rest of the elements out of considera- 
tion. 

It appears further that, of the few 
hundred known minerals , again only a small 
number of them occu'” in the rocks In a suf- 
ficient quantity for us to here take cogni- 
zance of them with reference to the soils 
of the Netherlands Indies. 

With this In mind, a relatively 
simple diagram can now be drawn up, wherein 
may be united In a comprehensive whole the 
principal elements and the principal min- 
erals formed from them (see Fig. l). 

In the central column are the 
oxides of the elements In four main groups, 
with an additional group: 


The So-Called 
COLORLESS MINERALS 


The Moat Important 
CONSTITUENTS OF THE 


T>ie So-Called 
DARKER MINERALS 


Quartz 

Potass ium Feldspar 
= Orthoclase 


f Sodium feldspar 
= Alblte 


Plagloclase 

Series 

Calcium Feldspar 
= Anorthite 


Leuclte 


Magmatic Rocks 



Potassium mica (white) 
= Muscovite 


Iron-magneslimi mica 
= Biotite 


Amphibole 

( brown 
/ 

= Hornblende 

( green 


( black 

Pyroxene, amon^. 


others 


Augite and 

( green 

Hyperathene 

(black 

Olivine (olive 

green) 


Titanium iron ore) 

) black 

M.agnetlc iron ore) 


Apatite 
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a. The acids: 

silicic a,cid 
tltantlc acid 
h. the sesquloxides : 
aluminum oxide 
ferric oxide 
£. the bivalent bases: 
ferrous oxide 
'manganese oxide 
lime 

magnesia 

d. the alkalies: 

potash 

soda 

e. the additional group: 

phosphorus 
sulfur 
f lourlne 
water 

The groups a, b, c, and d form 
quantitatively already 96.7^ of the aver- 
age of all magmatic rocks the group e, 
totalling but .5.37^” of which 1.9^ is water, 
includes all Diose elements which, quanti- 
tatively it is true, exist in very small 
amounts, but which qualitatively play an 
Important role in living organisms; from 
that point of view they must receive ade- 
quate consideration. 

In the above scheme the principal 
minerals are found in the columns at the 
right and the left. At the left are the 
so-called colorless minerals though never- 
theless a few are somewhat colored; and at 
the right the so-called darker minerals of 
which some are colorless. A rough estima- 
tion by F. W. Clarke, ^ including about 700 
igri'.ous rocks, gives for the average min- 
eralogical composition of the rocks: 


for the soil-forming rocks of Java and a 
number of the more easterly lying Islands, 
one would presumably obtain a somewhat dif- 
ferent picture; with less quartz and more 
"dark minerals." But more about that later. 

Here the emphasis should be placed 
on the fact that the number of rock-forming 
minerals is only about a dozen, to which 
one must add the glass which has not crys- 
tallized. But at the same time it should 
be mentioned that there usually occur in 
each rock only a few of the dozen mineral 
types, so that with the exception of the 
accessory minerals each case is very simple 
from the mlneralogical and so 11 -forming 
standpoints . 

Moreover, relative to the chemical 
and mlneralogical composition there is, 
in general, still another point which is 
of significance in soil formation. 

If one classifies the magmatic 
rocks observed on the earth--apart from 
the peculiarities with which we are not 
concerned and which are here left out of 
con3ideratlon--into one series according 
to the content of silicic acid then we 
find that the lowest figures for silicic 
acid lie below 90^, the highest about 80 ^. 
Mineralogically that makes a great differ- 
ence, because the other elements in the 
same series also exhibit a certain divi- 
sion; one finds for example, in general, 
together with: 

much silicic acid little Bllicic acid 

relatively much aluminum relatively much iron 
relatively much potassium relatively much magnosluin 
relatively much calcium 
relatively much phosphoruo 


Quartz ^ 12^ 

Feldspars 60^ 

Amphlboles and pyroxenes.... ~ 17^ 

Micas - 

Other minerals ~ 8^ 


Calculated for the world as a 
whole, the minerals which stand in the 
left hand column of the table are far in 
the majority; the feldspars alone already 
make up more than half. Meanwhile for the 
rocks of the Netherlands Indies, at least 


Mineralogically this difference Is 
expressed in the following manner: 


much silicic acid 

Much quartz 
Potassium feldspar 
Little of the so-called 
dark minerals such as: 
mica hornblende 

Colorless, Iron-free glass 


little silicic acid 
No quartz 

Calcium-sodium- feldspar 
Much of the so-called darl. 
minerals such as: horn- 
blende, auglte, hyper- 
sthene, olivine, magnet- 
ic Iron, titanium Iron; 
Darker, Iron-rich glass 


fu F. W. Clark, Tne data of geochemistry, U. S. Geol. Survey Bull. 695; (l920), p. 28. 
5 . F. W. Clark, The data of geochemistry, U. S. Geol. Survey Bull. 695 i (l920), p. 32 . 
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Now Lhla (11 f‘foren(;e aino stands out 
;learly In the veatherahl 1, ! I.y op the mln - 
irals . Quartz i^ractLcally does not weather 
it all. Potassium feldsf^ar weathers with 
luch more difflciully than the calcluni- 
jodlum feldspar; tJu? latiu’r weathers more 
'apldly, if the calc i um/sodlum ratio 1s 
ilph. In Lho series of dark minerals: 
vlca, hornblende, auplte, hyijers thene , and 
)llvlne the weatheraliill t.y lir^reast^s from 
:he first to the last, mineral. Dark iron- 
’ich plass weathers much ihister tiian color- 
less plass. In short --[ iract 1 cally all the 
Tineral components of the rocks to or In 
j illcic acid weather faster l.han those of 
:he rocks rich in silicic: acid . 

This will be seen to have many 
consequences in soil format, ion. For ex- 
imple we know that the rarddly weatherinp- 
cocks will pive rise in a relatively short 
bimo to a soil upon which vepet.ation can 
develop, which, In burn has a preat influ- 
ence upon the further course of weat.herinp. 


Under tropical rains t,lie wfusther i :! ■ rreceed 
t,tie erosion and the chemical Ic-acliiir out. 
On the other hand with rocks which wca' her 
with difficulty, the chances are ['res! :,riat 
weather I np and soil formation '•annot ke-n 
up with the loss of soil, tlrroupii erosion 
and the Impoverishment of the soil throupii 
leachinp out, so that entirely dil'ferent 
and less favorable conditions for ver'eta- 
tion must prevail. More about this Labor 
on. 

Amonp the I, wo 1 i no s devoLojcod abov''- 
namely, the manner of coTpteal in/" and tiie 
content of silicic acid, there may now ho 
drawn up the f’ollowinp scheme of mapmatlc 
rocks (drawn In broad lines, and lc’a.vinp 
out those rocks which are not found In the 
Netherlands Indies, or which do not occur 
there in slpnlPIcant amounts) (see Fig. 2). 

If one should arran/-"e on a t.able 
a ni-unber of hand sami.'les in accordance 
wit,h this scheme, it would be apf.iarent at 
a p Lance how from left to right th.e color 
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changes from light to dark, and how at the 
same time from above downward the density 
and hardness of the rocks increase. 

Incidentally, in connection with 
the scheme proposed above, the age of the 
rocks may be mentioned here. It is obvi- 
ous that the magma from which the still 
active volcanoes continue to build them- 
selves up, has not been fully used up; in 
other words, along with the recent volcanic 
rocks belong intrusive and Plutonic rocks 
which probably are not yet even solid and 
cold, but which are Inaccessible at the 
depths where they now occur. 

A great deal must happen geologi- 
cally before plutonic rocks lie exposed at, 
the surface of the earth. To make this 
possible, much time is necessary for the 
folding of the crust of the earth and for 
the weathering away of the layers lying 
above. In order for plutonic rocks to 
have become accessible to us, they must, be 
relatively old. Along with the plutonic 
rock 3 --effuslve rocks, lava, and volcanic 
ash also occurred. The longer ago those 
processes of formation occurred, the longer 
the processes of weathering went on, in 
order to break the rock up and as such bo 
cause it to vanish. And now- -taking into 
consideration the stronger weatherabill ty 
of the more porous effusive rocks etc., 
and at the same time the greater suscepti- 
bility to attack of the products which have 
less silicic acid, (the more basic prod- 
ucts) --it may be said that out of those 
older formations the ash, pumice stone and 
lava have certainly, to a great extent, 
weathered away, and of the solid effusive 
rocks the more acid, i.e. those richer in 
silicic acid, have survived the longest, 
and consequently are the most prominent 
today. 

It is an obvious fact that among 
the visible magmatic rocks a larger propor- 
tion of the geologically oldest should on 
the whole be plutonic rocks, that is, 
toward the acid side (granite), while the 
youngest must practically all bo volcanic, 
and must exhibit those more porous forms 
with a relatively greater percentage of 
them on the basic side. 


This by no means fully exhausts 
this subject. However, the problems of 
the differentiation of magmas; the question 
as to whether in the course of geological 
history the magmas, which have become 
rocks, became on the average less rich in 
silicic acid and thus more basic; the ques- 
tion as to whether in some portion of the - 
earth, for example, around the Pacific 
Ocean, more basic magmas emerge than else- 
where, etc., will not be gone into fur- 
ther here; we leave these questions to the 
petrologists . 


* * * * 


Following the above short general 
mention of the Igneous rocks, a few things 
may now be mentioned about sedimentary 
rocks . 

More properly those rocks, at least 
as far as their formation is concerned, 
might better be discussed after tlie chapter 
regarding the formation of the sediments , 
from which they have originated. However, 
seeing that weathering and soil formation 
affect both magmatic and sedimentary rocks, 
we here intentionally introduce the cycle 
in nature with a further stage, the sedi- 
mentary rocks, as they are exposed to 
weathering, although logically they should 
be named in the following order: magmatic 
rocks, weathering of these, sediments, 
sedimentary rocks, weathering of these, 
soil formation-- But in that case, how- 
ever, some topics would have to be dealt 
with twice, and in order to preclude that, 
we at once make a beginning with the sedi- 
mentary rocks themselves, as they are ob- 
served and become subject to weathering. 
Further on in this book, but perforce also 
here, their formation is mentioned. 

From the beginning sedimentary 
rocks are to be differentiated along two 
lines: Is t according to size of the origi- 
nal particles, of which tliey are built up, 
i'nto colluvium"^ and alluvium,^ i.e., the 
so-called coarse granular and the fine 
granular sediments; and 2M according to 


H. The flame word "colluvium" is used in the original. Dr. George B. CroBsey oalle to ray attention that 
the current trend, at leaflt In the United States, la to eliminate "colluvium" and to use "alluvium" 
for what our author eojcvatefl Into two ^^oupc. — IVanslator. 

Regarding thlB see Chapter 4. 
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the chemical -mineral oglcal nature of the 
particles. Taken by and large, then one 
has to deal with only 4 sorts of material: 

a. quartz --in the main present as sand 
in the coarse granular rocks; 

b. clay --In the main to be found in the 
• finely granular rocks; 

c. lime--dlrectly or indirectly of or- 
ganic origin (especially in the ma- 
rine sediments), to be found In 
coarser sediments as well as in the 
finer; as is also 

d. detritus other than quarts and clay-- 
In the Netherlands Indies especially 
of coarse and fine volcanic material. 

In order to arrange the sediments 
graphically, one may place together two 
equilateral triangles as below in Pig. 3: 


Inside of the triangles there may 
be placed the mixed sediments; for exam- 
ple : 

quartz sand 
30 ^ calchmi cartonato 
20^ volcanic sand 

y = a fine marine sodlment^ J 80 ^ clay 

far from volcanoes (20^ calcium carbonate 

All river sands, free from CaCO, 
fall on the line a--b, all fine ashes fall- 
ing Into the sea and sinking there, fall 
on the line d--f, etc. 

And when similar sediments have 
hardened to rocks , then the latter may 
also in a similar manner be arranged in a 
graph (see Fig. 4, page 12). 

This scheme also is self-explanatory. 


CalcareouB 

Material 



Fin© 

(alluvium) 

clay 


Then it is possible for practical purposes 
to find in these triangles a place for all 
sediments . 


For example, 


segment 


It 


(a) = coarse volcanic sand, gravel, or 

rocks . 

(b) = quartz sand and gravel. 

(c) = coarse limey sand and gravel, 

coral, or shells. 

(d) s fine volcanic sand and dust, in a 

word; ash. 

(e) a clay, which may or may not contain 

quartz powder. 

(f) = formanlfera shells, for example, 

and other lime dust. 


In judging as to how these sedimentary 
rocks behave with respect to weathering 
and soil formation, we may say that in a 
general way the constituents divide them- 
selves into the four main groups lime, 
quartz sand, clay, and eruptive material. 


* * # * 
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Coarsely Granular 

Rocka Sheila and 

coral 
limestone 


Quartz 


Finely Granular 
Foramlnlferal Rocks 

limestone 

Marly lime 


Ash-padas 
Fine tuff 


Volcanic conglomerate 


Marl 



clay stone 


Leihar tuff 


Fig. h 


In Gonclualon, aomothing about the 
third group of rocka, which motamophoae 
through alteration within themaelves and 
which originate from rocka of the second, 
and in a few cases from those of the first 
group, the so-called metamorphic rock s. 
There are three conditions for such an 
origin: 

1. heavy pressure , many times a so- 
called thrusting or a sliding 
pressure 

2. an increase of temperature , and 

5. a sufficiently long time . 

A lack of one or even two of the 
conditions ia frequently balanced or off- 
set by a greater intensity of the two 
others or of one of the two others. As a 
rule, the result is a recrystallization, 
wherein the minerals of the sedimentary 
rocks, as such, disappear, but at the same 
time new minerals crystallize from the con- 
stituents of the former minerals. 

Although the above is a most inade- 
quate statement we cannot here go into the 


phenomena as to how these came about; for 
a fuller statement the reader is referred 
to the works on petrography and petrogene- 
sis . 

It may be sufficient to remark 
that with the metamorphosis, minerals 
originate which have already been named 
above (pp. 7"9) ^ such as hornblende and 
various kinds of mica, but also others, 
such as garnet, epidote, tourmaline, chlo- 
rite, serpentine, etc. In so far as these 
are of Importance for soil formation, we 
stiall come back to them later. 

A few of the most Important meta- 
morphic rocks occurring in the Netherlands 
Indies with their "parent material" may 
here be mentioned: 

Quartzite, from quartz sandstone; 

Marble, from limestone; 

Hornstone, and with further crystal 

development: phyllite or slate, from 
claystone ; 

Garnet stone and ecloglte from marls; 

Mica slate and quartz mica slate from 
more mixed sedimentary rocks; 

Chlorite, talc, and serpentine shales 
from material rich in magnesia, etc. 


6. C. R. van Else, Mon. U. S. Geol. Survey, (l904); J. Johnston and P. Nlggll, Journ. Geol., 21 (1913)^ 
p. 48l and 988 ; R. A. Daly, Bull. Geol. Soc. Amer., 28 (l9i7), p. 375; H. Cirubenmann, Die krlstalllnon 
Schiefer (Berlin, 1904); U. Qruhenmann and P. Nlggll, Die GeBtelnsmetamorfose (Berlin, 1924); H. E. 
Boeke and W. Eltel, Grundl. d. physik.-chem. Petrographle (Berlin, I 925 ). 
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For wcathorliif^ and Boii i’orniat l.on 
there arises only the question as to what 
the minerals now are, of which tho meta- 
morphlG rocks consist; from what they have 
originated, is therefore relatively unim- 
portant . 

2 . ACTUAL DATA 

As the result of research In tdils 
field, almost all the rocks which are met 
with in the Netherlands Indies have been 
more or less accurately described petro- 
graphically; moreover, those descriptions 
have practically all been I'jubllshed. They 
deal with the characteristics of the min- 
erals visible to the naked eye or under the 
magnifier, besides the enumeration of what 
minerals have been observed In thin sec- 
tions under the microscope. Qualitatively 
and also quantitatively, it is stated 
which minerals ]^redomlnate and wlilch, on 
the other hand, have been observed only In 
small quant, Itles: also, In wtilch special 
form the minerals occur, and how the rock 
Is built up and compounded out of them. 

In the course of tlie last half 
century petrographic research has been 
continuously refined and one cannot but 
admire what able petrographers can say 
about rocks on the basis of them? data. 

Tills however, applies principally to the 
qualitative, and only to a less degree to 
the quantitative. It Is, for example, 
losslble to describe an andesite with the 
utmost precision, and yet as to t,he ques- 
tion as to wiiat, tlie ]^ercentag,es of p'lagio- 
clase auglte, ore , and glass are, only a 
toughly ap[?roxlmate answer can bo given. 
Wlt'n reference to tlie felds]nrs, the mat- 
ter Is so far perfected that after an In- 
vestigation as mentioned het'ore a petrog- 
CHplier can rather accurately state the 
tatlo of Na to Ca; hut a substitution of, 
for example l/h of the Na by K I'an be 

much less sharply. Of the cryst.al- 
lography of auglte and hornblende crystals 
great deal can be seen, on the other 
‘I'^ind but little regarding the clieinlcal 
^'haracterlstlcs. 

For soil science, howt^ver, th (3 
Ifl icographlc composition of the rocks Is 
"'Lbilflcant in the first place In so far 
It gives light in answering the ques- 
^fona: How do the minerals and rocks 


we.ather to soil? W ilcii vec loi'-.'rlii;' ml. ri'.'rcl;: 
originate in this f'rocess? and In wiiaf 
relationship are tiiey t.o each otev.;rv 
and In which form do thr; dl ff eren chor:! ! ea i 
elements of t,he reek go out or remain be- 
hind 1 n the* soil? 

F o r 0 X arm i 1 e : 3 orr.';; 1 1 rr e s a. 1 1 t r i e 
P'hosphorus whicli Is present is well crys- 
tallized out In the f’orm of apalltr;. g/i-/ 
that 1t Is 1 l/P'l of the total, then trie 
l-etrographer can easily discover Its ires- 
ence and describe It; another time twice 
as much n.hosphorus Is t resent, hut because 
It, Is d 1 s 3 0 1, V e d 1 n t> he v 0 1 c fl.n 1 c g I a s 3 fu'i d 
not crystallized, then this constituent, 
I^edologl cally so inif. ortant, will entirely 
escapee the [.etrographer . 

In 3 hort-~the pedologist is thanlr- 
ful for the potrographl c descrlpl; ions , yrrt 
ho Is by no means satisfied wlt.h t.hemi; he 
must also have at his disfosal the chemical 
analyses of the rocks . Petrograrliy , how- 
ever, went further than tho bare descrU- 
tlon. During Its develoirnont fro.m petrog- 
raphy t,o fetrology it asked for more and 
more chemical In addition to mlneraloglcai 
analyses . 

In this way, little by little, a 
resp'ectable number of chemical analyses of 
Netherlands Indies' rocks have been made; 
however, In comparison with the number ol’ 
petrograrhlc and mlneraloglcai analyses 
this number Is yet but very small. 

It must be admit, ted that not all 
the analyses are of importance for our 
] u r p OSes. VTn 1 1 e f r om a ; c t ■ 0 logical s t an d - 
■tolnt perhaps the rocks occurring in "small 
Lenses" or "basic concretions" or "thin 
veins" may be very important, tliey can 
here just as well rtrmaln outside of con- 
sideration, for we are concerned with soil- 
forming rocks. 

Further, in t,he course of tho last 
uO years tne methods of chemical analysis 
have been noticeably Improved, refined, 
and extended; consec^uent.ly In general, 
analyses made more recently deserve more 
c o n f 1 d e n c 0 t ! la n those of e a r 1 1 e r years : 
judged by the present-day available knowl- 
edge, unmistakable errors are evident in 
the earlier analy 3 (^s. 

However, not only 'n^rors ol’ method 
are at Issue, but also certain omissions 
In the determlnat i ons ; In a member of older 
analyses tne constituents P-O 3 and TlOp 
were simply not separated and so were not 
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separately recorded; according to the 
course of the analysis the P and Ti 
were Included with the AlsOs# so that the 
AI2O3 content was too high, thus erroneous- 
ly stated. Also Mn, S, and Cl were fre- 
quently Ignored In mentioning the constitu- 
ents; furthermore Mg and Ca were often 
wrong. In brief, especially also with an 
eye to the requirements of the soil scien- 
tist of today, one could wish that many 
older analyses could be done over again. 
However, what Is of value should be selec- 
ted and here pieced together. 




As to the analysis of the main 
minerals of the soil-forming rocks of the 
Netherlands Indies the situation Is much 


more pitiful than for rocks in general; In 
the literature even now we find almost 
nothing about them. In the table below 
figures for certain minerals are collected 
which, though from the data of Clarke,’^ can 
give a rough Idea of the chemical composi- 
tion of these principal minerals. These 
are rounded off percentage figures showing 
apjproximately the limits of each constitu- 
ent ( see Table 1 ) . 

It is apparent how far apart the 
limits can be; and yet each horizontal 
line Is limited to crystals which, crystal- 
lographlcally and optically, must be con- 
sidered to belong to one mineral or one 
mineral group. That such a range Is pos- 
sible Is to be ascribed to the possibilities 
of mutual substitution of different groups 
of chemical elements within the bonds of 
one crystal element (crystal molecule) or 
one crystal net. 


Table 1 



SIO2 

AI2O3 

Fe203 

FeO 

MgO 

CaO 

Na^O 

K,.0 

HpO 

TIO2 

MnO 

PpOs 

F & Cl 

Quartz. . . 



- 100 

... 

... 


... 

... 

... 

... 

... 

... 

... 

... 

... 

Potaeeluni feldspar 

62-66 

18-20 

.... 

... 

... 

0-5 

0-4 

9-15 

... 

... 

... 

... 

... 




Na-rlch. . . . 

61-70 

19-26 

... 

... 

... 

0-9 

6-11 

0-4 

... 

... 

... 

... 

... 

Plagloclase < 


















Ca-rlch. . . . 

50-60 

K^ 

1 

<M 

... 

... 

... 

10-20 

0-5 

0-2 

— 

— 

— 

— 

— 

Leucite. . 

. . . 


~ 55 

-23 

... 

... 

... 

... 

— 

19-^1 

... 

... 

... 

... 

... 


Muscovite. 

44-46 

5‘‘-57 

0-2 

0-4 

0-5 

-- 

0-2 

8-11 

5-6 

... 

... 

... 

0-7 

Mica< 


















Biotite 

5 J -?6 

15-50 

5-17 

5-17 

2-20 

0-2 

... 

6-9 

5-11 

1-5 

0-2 

... 

0-5 

Hornblende, , 


58-53 

0-19 

0-6 

0-22 

2-26 

0-15 

1-5 

0-2 

... 

0-2 

0-2 

... 

... 



Auglte. 

45-55 

5-10 

0-6 

1-14 

6-20 

16-26 

--- 

--- 

... 

0-5 

0-9 

... 

... 

Pyroxene < 


















Hyperathene. . . 

48-54 

1-8 

0-2 

15-21 

19-25 

1-7 


... 

... 

... 

0-2 

— 

— 

Olivine. , 

... 


55-45 

— 

0-5 

5-54 

27-51 

-- 

— 

... 

... 

... 

... 

... 

... 

Magnetite 

... 


--- 

... 

~ 69 

- 51 

... 

— 

... 

... 

... 

... 

... 

... 

... 

Ilmenlte. 

... 


--- 

... 

0-10 

- 50 

— 

-- 

... 

... 

... 

- 49 

... 

-- 

... 

Apatite. . 

.. . 


... 

... 

— 

... 

... 

- 48 

... 

... 

... 

... 


-"40 

~7 


[Acid, 

white 

70-80 

12-15 

0-2 

0-2 

... 

0-2 

2-4 

5-5 

0-4 

... 

... 

... 

... 

Glass 





V 

s/— 

j 











basic 

, black 

46-60 


14-20 


0-2 

2-5 

2-6 

5-4 

0-2 

... 

0-2 

... 

... 


7, F. W. Clarke, Analyses of Hocks and Minerals, U. S. A. Geol, Survey Bull., 4 l 9 (19IO). 
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If we compare the above table 
with the contradlstinctlona on pp. 7 - 9 , 
though It Is true they cannot fully explain 
the mlneralogical differences of rocks 
with high and low silica content, yet they 
make the differences much more plausible. 

And so it becomes comprehensible, why, in 
c!t)mparing the tables of rock analyses fol- 
lowing with the above-given percentage 
compositions, the principal minerals are lo- 
cated as they are. 

Whenever chemical weathering af- 
fects the minerals present, then it may be 
said that: 

l3t“-each mineral begins to weather in 
its own way, independent of sur- 
rounding minerals, but depending 
upon the liquid surrounding this 
mineral : and 

2nd--the constituents, either atoms or 
groups of atoms, once set free, 
then behave according to their 
chemical nature, and independent 
of the mineral frojn which they have 
been liberated. It is therefore 
obvious, that in a consideration of 


the weathering processes, one must 
pay attention not alone to the 
chemical elements, but at the same 
time to the mineral form in which 
these eleiiujnts are exposed to 
weathering. 

# * * * * 

Of the magmatic rocks, the plutonlc 
rocks have not been investigated nearly so 
much as the eruptive rocks. In Verbeek’s 
book^"^ of the' west coast of Sumatra a number 
of Plutonic rocks are found separated Into 
"granitic rocks" and "rocks of the diabase 
group." Given the mlneralogical composi- 
tion according to the microscopic analyses, 
however, a number of the stated chemical 
compositions are impossible. Thus in Nos. 
19 > 5^> 7 , and 106 the figures for AI 2 O 3 
are certainly too high; in Nos. 54 and IO 5 
the SiOa is probably too low; in No. 24 
AI 2 O 3 is too low in proportion to the 
amounts of the alkalies, etc. Consequently 
there remain^ as acceptable (but therefore 
not yet admitted as accurate!) the analyses 
presented below in Table 2. 


Table 2 


ANALYSES OF PLUTONIC ROCKS OF SUMATRA 


Name of the 

Granltlte 

Syenite 

Hornblende 

Quartzdlorlte 

Quartz- 

Rock 


granite 

granite 

containing auglte 

diorlte 

Origin 

Koeantan 

Boeloer 

Between Gg Beeelo 

Ahoor 

Slloenglcang 



Kaeap 

and Bt. Beeele 



Analyzed by : . . 

Serrurler 

Sornirler 

Serriu'lor 

Semurler 

Reuter 

No. 

k 

i 44 

68 

66 

103 

SIO 

73.21* 

67.66 

62.84 

61 . % 

35.10 

AI 2 O 3 

12.87 

15.59 

15.29 

15.^8 

16.19 

Fe 203 

1.01 

2.00 

4.95 

2.51 

4.30 

FeO 

2.21 

2.87 

2.87 

5.76 

5.50 

MgO 

0.44 

2.48 

2.24 

3.44 

6.50 

CaO 

1.56 

2.70 

5.68 

7.12 

8.00 

NasO 

3.77 

5.59 

5.50 

2.83 

3.00 

KgO 

4.48 

2.66 

3.22 

2.72 

I.4Q 

B 20 (I 088 on 






Ignition). 

0.40 

0.80 

1.05 

0.59 

0.B4 

MnO 

0.05 

0.04 

0.17 

0.12 

trace 

PaOs 

not dot'd 

not dot’d 

not dot'd 

present 

1.01 

TIO2 

not dot'd 

not dot'd 

not dot'd 

not det'd 

present 

Total . . . . 4 . . . 

100.05 

100.19 

99.79 

99.85 

100 . 7 ^ 


R. D. M. Verbeek, Topogr. en Geol. Beechr. v. Sumatra's Wee tkust (Batavia, I883). 

9. The first 4 of these 5 analyses were also copied by J.'P. Iddlngs In his work: Igneous Rocks, Pt. 2 ; 
all others of plutonlc rocks were not. 
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Note that the mlneraloglcal compo- 
sition changes with the chemical composi- 
tion, there is a decreasing content of 
3 IO 2 from No. 4 to No. 10.5. All b possess 
quartz, hut No. 4 has the most; potassium 
feldspar is also present in all but in 
large crystals in No. 4; on the contrary 
there is little calcium sodium feldspar 
(plagioclase ) In No. 4, there is a little 
more in No. 44, and much more in No. 66 
and in No. 10‘j . All five rocks contain 
mica, but hornblende which is lacking in 
No. 4, is abundant in No. 44; also in the 
other three. Auglte was observed only in 


No. 66; apatite in No. 66 and relatively 
much in No. 105. From the standpoint of 
practical soil science, it is very much to 
bo lamented that phosphorus was not regu- 
larly determined; and therefore it is a 
matter for great rejoicing that it is being 
done at present, as is demonstrated by, 
among others, the considerable series of 
analyses published'^ ° not long ago by the 
Geological Survey at Bandoeng. 

From this series we borrow a few 
more analyses of plutonic rocks, from west 
Borneo and the oldest -part of Java (see 
Table 3) • 


Table 3 


ANALYSIS OF PLUTONIC ROCKS OF BORNEO AND JAVA 


Name of the 

Alkali granite 

Granite aplite 

Aplite granite 

Granite 

Therallto diabase 

Diabase 

rock 







Origin. . ...... 

G. TJempedak 

S. Sokan 

S. Poowan, weg 

Nh. Bolaban, 

Krg. Sambo eng 

Kg. Wat 00 Oorlp 


W. Borneo 

W. Borneo 

Engkajoe- 

Zijtak S. 

Lohoeloh region 

Lohoeloh region 




Semonbal 

Sajan 

M. Java 

M. Java 




W. Borneo 

W . Borneo 



Analyzed by. , . 

. Willems 

Willeme 

Willems 

Willems 

Esenwein 

Den Haan 

No. 

1 

1 

22 

23 

24 

25 

26 

SIO 

76.56 

77.53 

74.72 

69.49 

54.61 

1 * 7.90 

AI2O3 

10.57 

12.42 

15.66 

15.311 

15.58 

11 *. 75 


2.32 

0.57 

0.17 

1.28 

4.98 

5.22 

FoO 

1.38 

0.18 

0.52 

1.64 

4.89 

4.03 

MgO 

trace 

0.01 

0.18 

1.17 

3.26 

7.12 

CaO 

0.20 

0.19 

0.82 

3.26 

5.08 

7.37 

NaoO 

4.29 

3.75 

3.40 

4.29 

5.94 

3.98 

K2O 

4.36 

4.59 

6.07 

2.26 

0.47 

1.30 


0.40 

0.48 

0.54 

0.68 

2.52 

5.20 

H2O - 

0.16 

0.14 

0.14 

0.10 

0.37 

0.61 

TIO2 

0.20 

0 . 1 - 

0.14 

0.32 

2.15 

2.30 

P2O5 

0.03 

0.01 

0.05 

0.12 

0.19 

0.20 

MnO 

0.04 

trace 

0.01 

0.06 

0.20 

0.13 

CO2 


trace 

trace 

trace 

0.17 

trace 

Zr 02 


00.02 

trace 




BaO 


-- 

0.04 




S 






trace 


100.31 

99.99 

100.46 

100.01 

100.41 

100.11 


10 . Jaarb, Mljnw,, ^ (I93O), Algem, Gk)d., "Petrochemle, " p. 25I-263. 
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These rock 'analyses demonstrate 
quite characteristically what was said on 
pp. 8 and 9 about more " acid " and more 
"basic" rocks. The four granites with a 
high silicic acid content are low in their 
iron, magnesium, and calcium; also low in 
titanium and phosphorus; the two samples 
oi diabase, with a low silicic acid content 
are poor in potassium, but richer in iron, 
magnesium, calcium, manganese, titanium, 
and phosphorus; thus It is easy to under- 
stand that the mineralogical composition 
is also entirely different. It is true 
that of the last six rocks no mineralogical 
analyses were mentioned; but the names 
themselves already tell enough. Strong 
contrasts are, however, seen in the follow- 
ing Plutonic rocks (see Table 4). 

While in the first named rock 
there have been observed: quartz, otho- 
clase, plagloclase, muscovite, and some 
amphibole and magnetite, the second is 


made up of olivine, enstatite, f-yroxene 
and some chromite. It is apparent that the 
composition is entirely different, and as 
will appear further on, the weathering must 
thus also proceed entirely differently. 

In order not to be too prolix, we 
shall not here discuss further a number of 
other Plutonic rocks for the greater part 
eoming from Tlmor"^^ which have been analyzed 
mlneralogically and chemically. If the 
reader be interested he can himself consult 
them in the literature mentioned. However, 
other than those mentioned above, there are 
found no further analyses of plutonlc rocks 
from Java, Sumatra, Borneo and Celebes 
worthy of mention. 

Much richer is the harvest of 
analyses of volcanic rocks. 


Table 4 


ANALYSES OF PLUTONIC ROCKS 


Name of the rock 

Origin. 

Analyzed by 

Aplitic micro -granite 

Bt. Kelam C. Borneo^ 

Dittrich 

Lherzolite 

El land Moa^ 

Morley 

FeO 

0.52 

7.29 

SiOii 

72.44 

42.76 

AI2O3 

16.51 

5.28 


0.24 

0.97 

MgO 

0.05 

40.67 

CaO 

2.47 

1.55 

NagO 

4,54 

0.21 

K2O 

2.15 

0.09 

H2O + 

1.15 

1.19 

HsO - 

0.15 

0.27 

TiQs 

trace 

9.06 

MnO 


0.24 

P2O5 


0.05 

Mi0C.» 


0.29 

Total 

100.16 

99.88 


* Zr02 - F-S-CrgOa -BaO-SrO-C02O3 

1 . J. Schmutzer, Miner, en cheni. eamenet. v. geet. v/h Miillergeb., verz. d. 
Molengraaff, Versl, K. A. v. W., W. en Nat. Afd., XVII (1908), p. 501 -^ 18 . 

2 . H. A. Brouwer, Gest. v/h ell. Moa, Jb Mljnw. N. 0 . I., ^ (1916), Verb. 

I, p. 28, 


MlJnw. N. 0 . I. 45 (1916), Vern, I, p. IJ and 69. 
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In a region like the Netherlands 
Indian Archipelago, the volcanic rocks 
play a much greater role than the platonic 
rocks. For one thing, they occupy a far 
greater area; secondly, the land surface 
where these rocks are, for the reasons al- 
ready above Indicated, Is more fertile, 
better suited to agriculture, thus much 
more thickly populated, and for that, 
reason more easily accessible. It is no 
wonder that the volcanic regions have been 
more and more intensively Investigated by 
financiers and that there are more analy- 
ses of the rocks. In accordance with what, 
was said on pages 8 and 9, they will be 
dealt with by groups. 

Volcanic rocks may be divided into 
three groups: the "acid" (with more than 
65^ SlOa), the Intermediate (with ^ 

SlOp) and the ’’basic" (with less tlian eP*'- 
3102)^ In general In a ratio (according t.o 
Nlggli)^^ of about .^O to 42 to The 

volcanic rocks of the Netherlands Indies 


arc more inclined to be basic; though the 
number of data Is still Insufficient for a 
proper estimate. They may be estimated 
very roughly to have a ratio from (lO t.o 
20) to (hO to 60) to bo to 40 ). One can 
safely say that the acid effuslves and ef- 
flatas are relatively considerably less 
abundant, and where they do come to light,, 
they have for the most part been violently 
ejected, so f-hat there are found greater 
areas of tuff than of solid rock or lava. 


> * * * 


In the Batak lands of North 
Sumatra acid effuslves occur over great 
expanses. It Is true t.hat a large part 
occurs as tuff from ash and pLunlce (more 
about these later), but also as solid 
rocks. The following analyses (see Table 
•,) are found In the literature: 


Table 5 


ANALYSES OF ACID EFFUSIVE ROCKS OF NORTHERN SUMATRA 


Name. . 

Llporite 

Quartz trachlte 

Quai’tz trachlte 

Blotlte 



andesite 

andcs Ite 

dac Ite 

Origin 

Lau Blang 

Porobbo 

Lau Renoen 

Del eng Bar os 


Batak landen 

Toba Lake 

Pakpak Lands 

Batak Lands 

Analyzed by. . . 

Herz^ 

Horz^ 

Dittrich'*^ 

Herz^ 

Si 02 

71.25 

69.44 

67.75 

66.71 

AI2O3 

14.21 • 

15.21 

15.51 

15.82 


0.85 

1.74 

2.26 

0.71 

FeO 

0.45 

0.56 

1.22 

0.52 

MgO 

0.89 

0.93 

0.91 

2.05 

CaO 

2.72 

1.99 

2.79 

3.92 

NasO 

3.11 

5.11 

3.22 

7.12 

K2O 

6.74 

'^.53 

3.15 

2.t2 

HpO + 

0.48 

0.77 

2.29 

1.01 

TIO2 



0.52 


P2O5 



trace 


Moisture 



0.45 


Total 

100.68 

100.28 

99.87 

100.08 


1 . L. Milch, Ueber Gest, v. d. Battakhochf lache . , z. d. d. geol. Gee., 5I (1899), p. 62 . 

2 . H. Stegmann, Die Jungen Erguesgest. d, Batakliinder, Sumatra, Inaug. DI0O. Greifswald 
(Stuttgart, I9OQ); cf.; N. Jb. f. Min., Beil. Bd., p. 456. 


12 . Referred to by F. Helde, In E. Blank's Handb, d. Bodenlehre, I, p. II6. 
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Tile ymall amount of Iron and ina/*- 
nesium In these stones Is strlkin^^; he- 
3 Ides this the content of alkalies is hi /.hi; 
yet but little sodium on calcium with it, 
and one can melt from it a relatively 
light-colored bottle glass. 

It- Is to be regretted that the 
analyst Hertz had not also determined the 
phosphorus; that would have been ve-ry im- 
portant from the pedologlc standpoint. 

Apart- from a large content of 
colorless volcanic glass, all four of the 
rocks show the following mineral constitu- 
ents: quartz, sanidine, plagloclase on the 
alblte side, hlotlte, and a small quantit-y 
of amphlbole, a few crystals of pyroxene 
and some magnetite. 

■« ■)( * -X 
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No analyses yet exist of the acidic 
rocks, In the great tuff fields of t-he 
Plain of' Agam (Sumatrans West Coast) and 
of f-he intermediate regions -and U{ 'lands of 
Djarnbi . It !s true there is one of llpa- 
rltr; from south Palcanbang, apparently from 
f.he e-xtensive t.uff fields around the Ranau 
lak(‘; t-his rock Is very add Indeed, and 
a ; ' r e e s c 1 o s e 1 y !_ n c rom j o c- 1 1 1 on w 1 1 h a f o w 
similar kinds from the Lcmpongs (see Table 
bj , which already are suspected to have 
been exposed to hydrothermal action. 

Nov t'efore discussing Java and the 
link, Krakat,au, which lies in bet- ween It 
and 3uma!-ra, let us mention from other 
Islands just, a few analyses of rocks with 
more than 6';/c SiOo (see Table 7, page 20). 

Pour of these five rocks lie hut 
just above the limit-. Quite acid extrusive 


Table 6 


ANALYSIS OF ACIDIC E}<TU8IVE ROCKS f’RQM SOUTHERN SUMATRA 


Nfuce 

Li par It el 

Llparite'-' 

Llparllci 

SilLciflod 

Sillclfled 





tuff 

llparite 






Tuffi 

Origin 

Kali Pajoeng 

Mt. Koenjot 

Mt. Kedaton 

Kpg, Hoeroen W. 

K. Sebatoean 


S, Palembang 

Lampongs . 

D-imponga . 

K. Lampong-baai 

Benkoelen. 

Analyzed by... 

Den Haan 

W1 1 lerris 

Willems 

Willems 

Den Haan 

SlOo 

72. 32 

74.9^4 

71.09 

79.48 

67.66 

Aj.oO.3 

12.94 

14.39 

19.22 

19,6^ 

11.64 

Fo.Os 

0.64 

0.99 

0.96 

0.63 

1.67 

FoO 

0.34 

0.31 

0.18 

0.24 

0.46 

MgO 

0.34 

0.05 

0.09 ! 

0.13 

0.72 

CaO 

1.09 

0.77 

0.49 

0.94 

3.07 

Ha-.O 

3.09 

4. 10 

3.48 

3.21 

2.41 

K;-0 

9.14 

3.56 

3.49 

3.87 

2.60 

H;:0 + 

3.29 

1.03 

1.79 

1 1.10 

8.23 

- 

0.62 

0.37 

0.86 

1.14 

0.84 

CQo ^ 


trace 

trace; 

1 trace 



TIO;. 

0.19 

0.14 

0.19 1 

0.09 

0.47 

.... 

0.12 

0.01 

0.01 i 

0.02 

0.06 

knO . . . ^ 

0.,03 

0,04 

0.0^ 

0.03 

0.0^ 

biUd 

100.31 

100.30 

100. y’l 

100.11 

90.88 


Mljnv. N. 0. I., (lUd), Al/z. Ged., p- Suy; Anal. Nr. ko and zy. 

Krt. Sumatra. Toel. Blad 1^ nn. 19-PO. —There this and the followlriy, rocks (No. 119 and ICg) 

'T' the Sumatra Survey (Rouped with the "oruntlve rocks of dncltlc ^md llpaivatlc composition." In the 
Mijnw. N. 0. I., ^ (I9i0), Alg. (knl., p. 2‘k’-2^d| appear the saine analyses however, with those of 
P'g. Hoeroen under the Nos. 7-9 and S all three i-uidor the name "silled fled tuff"; it io possible, re- 
' 'hiding the composition, that the slllflcatlon iias not yet gone so far. In addition beloiyrs liere No. 7 
i. ‘dilating from (Ig. Booklt, Tolookbotoeng. Lpgs. —The petrological Investigation of these rocks has 
yot been comnletod, so tliat ti’oro may yet follow soi-^o llglit upon the matter. It Is possible that 
cl lid fled tuff" from Benlroelon will later receive another ivuiio. 
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Table 7 


ANALYSES OF ROCKS HIGH IN SILICA FROM BORNEO, FLORES, AND TIMOR 


Name*. 

Glassy^ am- 

Amphlbole^ daclte 

Daclte^ 

Alkali Rhyolite® 

Alkali trachyte® 


phlbole daclte 

rich In glass 




Origin 

Above Kebljan 

Below Na. Pemali 

Near the Manoe 

Between Atapoepoe 

Between Toembaba 


C. Borneo 

C. Borneo 

Bala River C. 

and Soefa N. C. 

and Hauraenl N. 




Flores 

Timor 

C. Timor 

Its own No. .... 

11-710 

11-599 

XIII 

111-288 

11-320 

Analyzed by,.,.. 

Dittrich 

Dittrich 

TllLmans 

Morley 

Plsanl 

— 

SIO2 

66.16 

65.72 

65.^ 

70.76 

65.10 

AI2O3 

15.39 

15.06 

14.37 

10.16 

14.10 


1.25 

1.55 

3.51 

7.00 

2.70 

FeO 

1.72 

1.80 i 

3.09 

0.63 

1.71 

MgO 

0.90 

1.57 

1.09 

0.49 

2.45 

CaO 

3.^7 

4.18 1 

4.58 

0.65 

1.55 

NapO 

3.94 

4.24 

4.20 

5.^5 

5.45 

K2O 

2.00 

1.07 i 

0.72 

2.57 

4.92 

H2O 

4.94 

5.77 

1.73 

0.88 

1 2.10 

H2O - 

--- 

0.69 

-- 

0.57 

I 

TIO2 

0.50 

0.48 

0.83 

0.49 

0.59 

PsOs* 

not det'd 

not det’d 

not det’d 

0.00 

not det'd 

] 

100.27 

99.93 

99.60 

100 . 16 * 

100.47 


* Including 0.16 MnO, 0.12 BaO, 0.05 SrO, 0.06 S, 0.04 Cl and 0.02 F. 

1 . J. Schmutzer, Versl. K. A. v. Wet. Amst., Wle- en Nat. Afd., XVII (I909), p. 5OI-518. 

2 . G. Rack, Petrogr. Unters. an Geet. v. Soembava u. Flores, N. Jb. f. Min. etc., Bell Bd., p. 77 . 

5. H. A. Brouwer, Geat. v, Ooat- Ned. -Timor., Jb. Mljnw., ^ (1916), Verb. I, p. I33. 


rocks of other islands than Sumatra and 
Java thus are almost non-existent, at least 
In the analyses thus far carried out. 

In the sample from Borneo apatite 
is stated to be a constituent; phosphorus, 
however, was not determined chemically. 

With the three others there is no indica- 
tion of the occurrence of apatite; thus in 
general the rocks rich in silica seem to 
be quite poor in phosphorus. 

Two forms of acid effusive rocks 
require special mention, viz. the obsidian 
which had flowed out, and the pumice which 
had been blasted out as foam. 

Of obs Idian from the Netherlands 
Indies, the following analyses are at our 
disposal (see Table 8, page 21 ). 

There is much agreement among these 
analyses; little iron, almost no magnesium, 


little calcium, but much potassium, with an 
excess of silica. The single P 2 O 5 deter- 
mination indicates a high figure; we are 
unable to say what amounts the other three 
might show. It Is too bad that the pumice, 
which was found along with obsidians, was 
not also analyzed; hence for pumice we are 
entirely dependent upon material from other 
sources . 

With the exception of the Krakatau 
analyses (see p. 22), there Is to be found 
but one analysis of pumice from the Nether- 
lands Indies. As the fifth column this 
analysis has been added to Table 8 (page 2l) 
of analyses of obsidian. 


* * # * * 
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Table 8 


ANALYSES OF ACIDIC EFFUSIVE ROCKS: OBSIDIAN AND PUMICE 


Name • . • • 

Obsidian^ 

Obsidian^ 

Obsidian^ 

Obsidian^ 

r. 1 * 

Pimilce 

Origin 

Bongsoe -volcano 

Pllomasln S. 

DJambl 

Tondano 

Lau Matap 


K. Bras b. 

DJambak 

Palembang 

Sumatra 

. N. Celebes 

Karo -lands 

Own No . 

279 

39 

1 


VII 

Analyzed by... 

Krambera 

Den Haan 

Ledeboer 

Ledeboer 

Dittrich 

SIO2 

78.15 

75.52 

72.26 

74.87 

68.81 

AI2O3 

11.94 

12.32 

13.44 

12.88 

11*. 61 


0.72 

0.46 

0.66 

1.34 

1.36 

FeO 

0.33 

0.56 

1.21 

1.53 

1.26 

MgO 

0.20 

0.17 

trace 

0.15 

0.74 

CaO 

1.32 

0.95 

1.34 

1.44 

2.21 

Na20 

0.67 

2.97 

3.05 

3.29 

3.31 

K2O 

5.71 

6.51 

4.05 

4.16 

4.61 

H2O 

0.14 

0.34 

0.80 

0.29 

2.92 

MnO 

1.58 

0.02 

not det’d 

not det'd 

not det'd 

TIO2 

not det’d 

0.21 

0.20 

0.27 

0.36 

P2O5 

not det'd 

0.57 

not det'd 

not det'd 

trace 

Total 

100.76 

100.20 

100.01 

100.22 

100.19 


1 . R. D. M. Verbeek, Sum. Westkust, p. en 517. 

2 . Jb. Mljnw., ^ (1950), Alg. Ged.; p. 257 ; Anal. Nr. 59 - 


3, Iddlnga, Ing. Rocks (I913), II. 

4. Stegraann; 1. c. , p. 438. 

While It may be perfectly correct, 
as Verbeek says, that "glass-llke products, 
peckstone, obsidian, and pumice, with ref- 
erence to the rocks with a ‘rockllke’ (ap- 
parently the meaning here Is the rock rich 
In crystals) ground mass appear In Java to 
be of minor Importance, "--yet It strikes 
one ’ that except for the analyses by P. J. 
Maler^^ so very little attention has been 
paid to the acid rocks of Java; In vain 
one searches for modern analyses which 
give, among other things, P20b* The fig- 
ures of Maler are given In Table 9» 

Although the total exceeds 100^?(, 
yet there are still lacking H 2 O, Cl, etc. 
which cannot be concealed in the other 
amounts, while TIO2, P2O5, etc., can be. 
Hence analyses like these have only a very 
approximate value. 


Table 9 


Analyses of Acid Rocks of Java 



No. I (p. 305) 

No. II (p. 507) 

SIO2 . . . 

79.00 

Bo. So 

AI2O3 ... 

13.08 

9.85 

Fe203 . . . 

2.27 

3.33 

CaO ... 

1.08 

0.85 

MgO ... 

0.30 

0.21 

Na 20 . . . 

3.26 

^.49 

KoO ... 

3.72 

3 . 8 ^ 

Total ... 

102.71 

101.36 


15. Nat. Techr. N. I.; VI ( 1854 ), p. 3OI-3IO, referred to In: Verbeek & Fennema: Geol, Beschr. v. Java en 
Mad. (1896), p. 703* 
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Analyses are lacking of the other 
occurrences In Java of obsidian, or pumice, 
or white and acid tuffs. However, If we 
stop to think of the enormous areas occu- 
pied by the "white tuffs" of Bantam, and 
the "acid tuffs" of Soerakarta, Madloen, 
and still other occurrences, then a few 
analyses. If only for orientation as to 
their content of Pl’O^, and Ca, could 
certainly not be considered superfluous. 

* * * * M 


No spot In Java has been so Inten- 
sively studied as the Islands of Krakatau . 
It might seem that In such a work as this 
a consideration of analyses of Krakatau 
rocks would be out of place --yet from 


those researches data appear which have a 
more general application than to this vol- 
cano alone. This will appear presently. 

Krakatau Is an active volcano, 
which by turns erupts acid. Intermediate, 
and basic rocks. 

Analyses of some acid rocks are 
given In Table 10. 

Comparing these analyses with each 
other shows that the differences are small; 
even when comparln^r the more comp'>act peck- 
stone and the foamy pumice; except that the 
latter contain 27^ HpO, which Is lacking 1n 
the pecks tones. Genuine obsidians are not. 
Included here; yet there occur pieces of 
pumice, which without a sharp boundary 
gradually go over Into compact "glass"; 
but therewith the K content does not In- 
crease to amounts above the Na content, or 
even above the (Na^O + MgO + CaO) content, 


Table 10 


ANALYSES OF SOME ACIDIC EOCKS JEOM KRAKATAU 


Name 

Andesitic 

2 

Peckfltone 

Trldymltlc^' 

Trldymltlc^ 

2 

Peckstone 

Andesitic^ 

Dark andesitic^ 

Pumlco^ 


peckstone^ 


andesite 

andesite 


pumice stone 

pumice stone 

stono 

Origin 

Lang 

Rakata 

Rakata 

Rakata 

Lang 

Long Elland 

Lang Elland 

Long 


Elland 




Elland 



Elland 

Own No 

2285 

87 

2298 

86 

85 

2517 ' 

2085 

82 

Analyzed by. . . 

Relber 

Rolber 

Relber 

Relber 

Relber , 

Relber 

Rolber 

Relbor 

SIO2 

71.50 

70.62 

70.1*3 

70.18 

68.69 

67.64 

66.58 

66 , 52 

Al2Cb 

ikM 

12.77 

15.21 

15.92 

13.51* 

14.54 

16.94 

13.9.t 

FegOa 

1.00 

1.82 

1.96 

2.41 

1.28 

2.26 

1.35 

1.61 

F0O 

1.58 

2.48 

1.76 

1.79 

2.44 

1.89 

2.65 

2.11 

MnO 

0.08 

0.07 

0.05 

0.06 

0.11 ! 

0.06 

0.08 

0.10 

MgO 

1.02 

0.74 

0.64 

0.78 

1,28 

0,99 

1,14 

i.l8 

CaO 

2.56 

2. 85 

2.54 

2.66 

5.45 

5.02 

3.11 

3.02 

NasO 

t.21 

5.48 

5.92 

,4.85 

5.69 

4.05 

4.09 

5.17 

KbO 

2.89 

2.24 

5.08 

2.25 

ro 

2.91 

1.78 

2.10 

H20 + 

0.055 

0.05 

0.15 

0.10 

0.27 

2.06 

2.12 

2.13 

H20 - 

afw. 

afw. 

0.04 

0.12 

0.04 

0.08 

0.50 

0.]1 

T102 

0.60 

0.16 

0.42 

1.09 

1.09 

0.57 

0.64 

1.40 

P205 

trace 

0.08 

trace 

0.04 

0.26 

0.06 

afw. 

0.08 

Cl 

0.08 

trace 

afw. 

trace 

trace 

afw. 

0.25 

0.24 

SOa 

0.05 

trace 

afw. 

trace 

afw. 

0.15 

trace 

0.";0 

Total 

100.065 

100.54 

100.20 

100.25 

100.56 

100.24 

100.83 

100. 3*^ 


1. Cii. E. Steim "Krakatau*’, IVth Pac. Scl. Congr., (Bandoeng, 1929), p. 55. 

2. Jb. Mljnw. Ned. -Indie, Alg. Ged., ^ (l950), p. 26l. 
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aa ia many tiniea tho case with true obsidi- 
ans. Meanwhile, we know that the 
of Krakatau when heated above 800° C rises 
like bread and is transformed Into pumbce; 
the difference between the first five and 
the last three rocks of the above table is 
perhaps nothing more than a question of 
temperature; the latter have had an oppor- 
tunity above 800°C , to get rid of th(?lr 
gas (especially NH 4 CI), but the I’ormor have 
not; it may even be that they had no oc- 
cluded gas. This is not apparent from the 
analyses; perhaps tlirough special search 
for it in the rocks that have not been 
"raised," a certain content of NH 4 can be 
established. 

Apart from this it should be 
pointed out that all the "acid," that Is 
silicic acld-rlcii, rocks possess relative- 
ly little Iron and very little magnesium; 
also the phosphorus content is very small, 
vlth a single exception, where it is mod- 
erate . 


•M * * * ■* 


Before proceeding to a considera- | 
tlon of the so-called neutral or basic 
rocks, let us first review a few things of 
one sort or another from the notable re- 1 
search on the Krakatau erupt ives by Ver- j 
book In his exhaustive monograph on Kraka- 
tau. Verbeek has not limited himself 
entirely to a mi neralogi cal description on 
t.he one hand and a total chemical analysis 
on the other hand, but, in cooperation with 
J. W. Retgers he has, as far as possible, 
broken up the rocks Into tiie minerals 
vhich compose them and tdien had those min- 
erals' analyzed separately. Especially 
puinlce and even more so volcanic ash lend 
tiieiriselves to this treatment, and — it may 
be mentioned In passii-ig that few other re- 
searchers have done this, either before or 
alter him. 

With the help of liquids of differ- 
ent specific gravity a quantity of Kraka - 
ft 3 h was divided up Into the following 
^ tact ions: 


Puinlco f 9 . C'jf, 

Heavy glass paj’tlcies. . .hl.i'jt 

Feldep/ire 6.0^ 

Mtigiietlte 

Pyroxfuie P . 

The notabJ'? thing about some of 
this Krakataii ash which was collect.ed at, 
Buitenznrg is that, it consist. s of -sib class 
a nd only 9'b c : r y s t a 1 s . 

Another fine asn, collected from 
t,he upoermost layer on the island of 
Sebesle, and thus ajaarontly tj-io last 
w } 1 i c ii had f a i. 1 e n , contained i u t 1 . 'j r <■' r y s - 
tals of which 1.3y was feldspar, and O.ppb 
heavy minerals. Tiie ratio Y;1 is entirely 
dlff(;rcunt than in the (mixc’d) Buitenzorg 
sajnple, which iiad a ratio of 2:1. Verbeek 
already point - 3 out also directly, that in 
the asli both according to the place of col - 
lection and according to the time in the 
eruption (beginning, middle, end, e t. c . ) 
a great, difference can occur with reference 
to the ml neralogi cal composition of the 
whole , that, is, tlie rlass t the crystals. 
But then these wide variat,ions occiir in 
the chemical composition of the rock as a 
wholf.;, for the- mineralogical compononr-s di- 
verge strongly in their chemical composi- 
tion. 

Verbeek and Retgers in the first 
place very accurately separated th.e fe id - 
spar crystals from the ash and divided 
them according to t.heir specific weight 
Into twenty-one groups. By doing so there 
was the possibility of calculating the con- 
tent of calcium I'eldspar or anorthlte, so- 
dium feldspar or alblte, and potassium 
f 0 Ids p a r or s an I d i n e , a nd f r cm t he 3 e data 
calculating the probable chemdeal composi- 
tion of tne com.Dlcte mixture of the twenty- 
1 e 

one groui'S. 


310 -. 

^^7.87^ 

Al-Oq 



CaO 



Na^^O 



KrO 




100.00 I0 


(k/perEt.hone . . 1 . 
(AuglPi 


R, D, M. Verbeek, Krakatau (Batavia, l88m), 
h 2:) P* 
h p. 247. 
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A second, somewhat less exact 
separation of a fresh quantity of feldspar 
crystals Into only fourteen groups gave, 
after conversion, these figures:-- 


S102 


A1203. ••••••■• 


CaO 


NagO 


K2O 




100.00^ 


Only the potassium content was ob- 
tained from a direct chemical analysis, 
which resulted In these figures: 


SiOg 


A1203 ••••••••• 


CaO 


NagO 


KgO 



I 00 . 79 lt 


If one now compares the results, 
taking into consideration the fact that 
the chemical method of analysis obviously 
must give somewhat too high 3102 and AI2O3 
figures, then the agreement Is indeed very 
satisfactory. 

In the same way the Thoulet solu- 
tion was used to separate the pyroxenes 
from the rest, and thereafter the hyper- 
sthene crystals were most meticulously 
picked out. The same was done with the 
augltes . The following figures (Table ll) 
show the chemical composition:^'^ 


Although these analyses are most 
probably not entirely accurate, (for the 
titanium might have been determined more 
completely, certainly some Fe203 was In- 
cluded In the PeO and neither the Na20 nor 
the P2O5 were determined), yet with the ex- 
ception of the FeO of the hypersthene there 
Is presented quite a good picture of the - 
composition which falls entirely within the 
limits given on page l 4 . 

In addition, the chemical analysis 
of the magnetic iron ore shows a composi- 
tion of: 

81 . 6 ;?; Fe 304 (Magnetite) 

18.**^ Fe2T104 (llmenlte) 

in addition a small quantity of hexagonally 
crystallized ilmenite was also found, as 
well as some apatite and a few still less 
Important minerals, too few to analyze. 

Finally, the volcanic glass was 
analyzed, and this gave the following fig- 
ures : 


SIO 2 68. 12^ 

TIO2 0.18^ 

Al^Oa 15. 81^ 

F62O3 « ^.01^ 

FeO (in Fe203) 

MgO 1.105^ 

CaO 2 . 7 ^ 

NasO 5.09^ 

K20 1.06^ 

99 - 23 ^ 


Table 11 


ANALYSES OF HYPERSTHENE AND AUGITE SEPARATED 
FROM KRAKATAU ASH 



Hypersthene 

Augite 

SIO2 


48 . 6 ^ 

TIO2 

trace 

trace 

AlgOa 

6 ,llt 

8 . 2 ^ 

FeO 

27. 7^ 

14 . 0 ^ 

MnO 

trace 

trace 

MgO 

15 . 6 lt 

n.ei 

CaO 

2 . 2 ^ 

18 . 9 ^ 

Total 

101.9^ 

101. 3^ 


17. 1 . c, , p. 264 and 275 . 


If now these figures are multiplied 
by the percentage in which the glass occurs 
in the total ash, and the same is done for 
feldspar, hypersthene, augite, and ore, 
then the total must equal the total ash. 
Thus Verbeek arrived at a total which is 
given in column 8b of Table 12 (page 25 ); 
while an analysis by C. Winkler, converted 
to the same constituents, is shown In col- 
umn 8a. 

Even though there may be all kinds 
of gaps and even errors in these analyses, 
yet they give an Insight Into the principal 
constituents of a typical volcanic ash, 
such as that which fell at Bultenzorg on 
August 27 , 1883. We only wish that other 
rocks also had been Investigated In this 
manner; such a method would certainly give 
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Table 12 


ANALYSES OF VOLCANIC GLASS AND CALCULATED PERCENTAGES OF COMPONENTS 



Volcanic 

glass 

Feldspar 

Hypersthene 

Augite 

Magnetite 

Total 

( 8 b) 

Analyzed by 

C. Winkler 
( 8 «) 

SlOs.; 

61.99 

5.50 

0.71 

0.51 

— 

66. ‘31 

66.77 

TiO^ 

0.16 


trace 

trace 

0.07 

0.25 

0.67 

Al 203 « •.*••• 


1.65 

0.08 

0.05 


16.15 

16.44 


2.96 




0.64 

5.60 

i 5.41 

FeO 

IM 

--- 

0.58 

0.09 

0.29 

2.20 

1.57 

MnO 


— 

trace 1 

trace 

— 

trace 

0.58 

MgO 

1.07 

--- 

0.18 

0.07 

--- 

1.52 

1.67 

CaO 

2.55 

0.50 

0.05 

0.12 


5.18 

2.90 

NagO 

4.65 

0.55 



--- 

4.98 

4.14 

KsO 

0.96 

0.07 


... 

--- 

1.05 

2.25 

Total 

90.15 

6.05 

1.58 

0.64 

1.00 

99.20 

100 .-- 


a very much better Insight than merely 
total analyses. 

However, with an eye to the useful- 
ness of the analyses In soil science, the 
phosphorus should certainly also always be 
regularly determined at the same time. But 
In addition to P there are also other ele- 
ments, which in small quantities play an 
important role biologically: Mn, S, Cl, F 
come under this head and are no longer dis- 
regarded in modern analyses. But in addi- 
tion Cu, Bo, and Mo also appear to be of 
considerable significance which is not to 
te underestimated; perhaps there are yet 
still other Important elements as for ex- 
ample Va, but we do not yet know about them. 
In short, considered from the biological 
point of view, an analysis of rock, as a 
oarent material of the soil, can never be 
complete enough. If then at the same time 
we know in which minerals the different 
elements are especially accumulated, then 
important biological data can result. 




Prom the additional analyses re- 
corded by Verbeek these following are se- 
iccted. Firstly three analyses from Mink- 
ler (see Tables 13 and l4): 


Table 15 


ANALYSES OF VOLCANIC ASH AND 
PUMICE FROM KRAKATAU 



No. 7 

No. 8 

No. 9 

SIO2 

60.15 

66.26 

68.51 

TlOa 

1.10 

0.66 

0.82 

AI2O3 

17.41 

16.51 

15.96 

Fe203 

4.50 

5.58 

2.61 

FeO 

1.68 

1.56 

1.09 

MnO 

0.40 

0.58 

0.28 

MgO 

2.21 

1.66 

1.07 

CaO 

5.56 

2.88 

5.14 

NasO 

4.88 

4.11 

4.01 

K2O 

2.46 

2.25 

1.82 

CaS04 (anhydrite) 

1.57 

0.62 

— 

Organic matter 
(carbon) 

trace 

trace 


Insoluble in HpO 

99.56 

99.85 

99.51 


No. 7 is ash, collected before the 
great eruption on August 11 on (the later 
submerged) island Perboewatan, within the 
great ring crater. No. 8 is the ash al- 
ready mentioned above, collected on the 
27th of August at Bultenzorg. No. 9 is 
light colored pumice stone, gathered by 
Verbeek on Krakatau on the l6th October 
following. 
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Table Ik 


ANALYSES OF VOLCANIC ASH AND 
PUMICE FROM KRAKATAU 



No. 7 

No. 8 

No. 9 

Insoluble In HpO 

99.56 

99.85 

99.31 

NaCl 

0.75 

0.65 

1.09 

KCl 

trace 

trace 

trace 

Na2S04 

0.22 ' 

0.02 

— 

CaS 04 

0.11 

0.21 

0.22 

F0SO4 

0.05 

0.01 

0.05 

Total 

100.67 1 

100.74 

100.65 


We can clearly see the differences 
"between a more "basic ash and one entirely 
acid: from No. 7 to 9 the SIO^. Increases, 
hut Iron and magnesia, that Is, the con- 
stituents of the dark minerals decrease. 


***** 

As to the silicic acid content, 
the following figures (see Table 15 ) were 
determined (calculated uy.-)on the water free 
basis ) : 


All these figures closely approach 
those of the pumice stone No. 9 yet they 
also lie lower than the true obsidian, re- 
corded above (see Table 8). 

Three more analyses have been ])ub- 
llshed of the ash which fell In Batavia In 
1885. From those by Van Der Burg^” we must 
mention here particularly the P2O5 content ’ 
of 0 . 15 't; none of the other Investigators 
paid any attention to the phosphorus. The 
content (if Indeed this Is all there is of 
It) Is about average, certainly not high. 

Then Van der Burg found that of 
this fresh ash Q.k 2 % was soluble In hydro- 
chloric acid. This demonstrates what a 
mistake It Is to consider that only that 
part of a sample of nart tally weathered 
rock which Is Insoluble In HCl Is "un- 
weathered." To be weathered, and t.o be 
soluble In acid, are two different things 
which have nothing to do wlthi each other. 

The analysis by Kenard^ shows 
that there Is little difference between the 
ash which fell at Dat^avla and at Bultenzorg: 
he recorded a TIO^. content of 0.62'/ whl cii 
approaches that of Winkler’s No. 8. 

According to the criticism of Ver- 
beek,""^'* the analyses by ^auer*'' ^ are not of 
sufficient value to be mentioned liere. On 
the other hand an analysis by Schwager'"'*" 

Is however worthy of record. In that he 


Tablo lb 


SILICA CONTENT OF GLASSY HOCKS FROM KRAKATAU 


- 

SIO^ 

A:ialysln truin 

No. 2 Glass rock from the Pooiachen Hoed 

68.75 

J. W. Retgors 

No. 5 Glass rock from the Pooiachen Hoed 

69.89 

K. n. Merteris 

No. 4 Glass rock from the Pooiachen Hoed 

70.01 

K. II. Mertena 

No. 5 Glass rock from the Pooiachen Hoed 

70.48 

K. H. Mortens 

No. 15 Piece of glassy obaldlaii with a 



crust of pumice, (1885); only the 



glass 

68.27 

Ore tier 


18. Rec. d. trav. chhn. (PayB-Bae, I885), p. 298-303. 

19. Bull. Acad. Roy. Belglgue, 50 Ser, VI (Seance 5 Nov. I883). 

20 . Ber. d. naturf. Gee. (Leipzig, I885), pp. 508-3IO (Ref. Chem. C. bl. l 884 pp. 129 - 155 ) 

21. I^., p. 87. 

22 . In: K. Oebbeke, Ueber die Krakatau-Asche. N. Jb. f. Min. 1884 , II, p. 52-55. 
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was dealing with an ash collected August 
28, 188^5 on a ship l 44 i Km. from the vol- 
cano. Wo would thus expect that the 
’’heavy" elements would have already been 
noticeably sorted out, and Indeed it does 
appear that the Fei^Os content was greatly 
reduced, that is, to only O.pO;^. The 
heavier magnetic iron ore had thus already 
fallen into the sea before the ash got as 
far as the 3h!{). 




In addition to the acid kinds of 
ash mentioned here, Krakatau has also pro- 
duced basic ash; of those we find the fol- 
lowing analyses (see Table 

Table 


In the two analyses of basaltic 
lava, placed alongside of the oliic'rs In 
the right hand columns one sees liow clo;n- 
together in all the main cons t Usjent s t.iie 
composition of the ash and lava a/'t'^e. is 
is all the more remarkable that the lavas 
and the two youngest ashes have a tnosrljoru 
content of approximately (i.pe percent, wixil 
the t,wo somewhat older ashes j.'rac* 1 1 ca 11 v 
none; it is not lossibJ.e for me to explain 
this. One might call It an accident and 
perhapts the dost? acreemerh. In thC' otriC'r 
const! I.uents Is also an accld(?nt. . This Is 
a very weak arpojment; I hor e the f.lienomenon 
mentioned here may ho a stimulus to much 
more accurate P^Os determlnrstlons : so as 
to enhance the chance to be able to say 
something more gfuieral as to the occurrence 
of the phosphorus, which for soli science 

16 


ANALYSES OF BASIC VOLCANIC EJECTA IROM KRAKATAU 



Basaltic aah 

Aflh of 

26-6- '50 

Aah of 

1930 

Basaltic 

lava 

Origin 

Perboowatan 

Lang El land 

Krakatau 

Krakatau 

Zvarte Hoek 

Rakata 



N. W. 

Jan. 1928 



oldest layer 

UppemoQt 

I^yer 

CVn No 

8231 SK 

2088 

70 

41 

2081 

2280 

Analyzed by 

Relber 

Relber 

Relber 

Relber 

Reiber 

Relber 

SlOo 

61.04 

.61.81 

62.92 

62. 8t 

60.26 

75.6^ 


19.77 

18.48 

16. 8U 

17.05 

18.16 

18.01 

Fh-'Os 

4.80 

2.96 

2.67 

2.20 

3 . ^6 

4.03 

F0O ^ . 

6.10 

6.64 

6.54 

6.96 

6.62 

6 . 09 

MiiO 

0.18 

0.21 

0.13 

0.12 

0.17 

0,08 

MgO 

4.00 

6.97 

6.39 

6.26 

C.26 

4.57 

C'fiO 

9.43 

9.06 

8.74 

8.56 

9.32 

8.13 

I«a;..0 

2,89 

2.97 

3.36 

^.69 

2.46 

3.06 

K.O 

1.37 

1.07 

0.82 

0.86 

1.02 

1.06 

TIO. . . . 

1.0.6 _ 

0.93 

1.42 

1.49 

1.28 

1.20 

Cl 


0.003 

0.31 

not det'd 


trace 


0.16 

0.05 

0.10 

not det'd 


trace 



trace 


0.36 

0.26 

0.28 

0.19 

HpO + 

0.20 

0.14 

0.27 

0.83 

0.28 

0.23 

Kc -0 .. . . _ 

0.02 


0.48 

0.39 



Total 

•100.00 

100.273 

100.23 

100.29 

100.35 

100.07 


Krakatau", rvth Pac, Scl. Congreea, (Bandoeng, 1929), p. 63. 
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l3 of 80 much significance. 

Now let us snatch just a few data 
from the available analyses^"* of more re- 
cent date, demonstrating that not only the 
two most extreme groups of basic and acid 
rocks were thrown out by the Krakatau vol- 
cano, but also there were erupted the in - 
tervening links of less basic and more of 
so-called neutral nature (see Table 1? ) : 


basic materials contain more crystalline 
material. It is very worth while to in- 
vestigate a basaltic ash, as referred to 
above under No. 8251 3K, just as Verbeek 
did with the acid ash No. 8, in order to 
trace whether the expectation is correct 
that the glass content is significantly 
lower than 90^; the feldspar more; augite,’ 
hyper sthene and ore likewise more; and 


Table 17 


ANALYSES OF INTERMEDIATE VOLCANIC PRODUCTS FROM KRAKATAU 


Name 

Origin 

Own No 

Analyzed by 

Basalt 

Rakata, Krak. 

68 

Relber 

Basalt lava 

Rakata, Krak. 

69 

Relber 

Olivine 

basalt 

Zwarte 

Hoek . Kr . 

42 

Relber 

Basalt 

Rakata, 

Krakatau 

71 

Relber 

Andesite 

Krakatau 

73 

Relber 

Andesite 

Krakatau 

78 

Relber 

SiOs 

48.54 

U8.82 

48.95 

53.96 

57.86 

60.82 

AI2O3 .......... 

14.98 

18.16 

16.82 

16.10 

13.95 

15 . 3 >t 

Fe203 

4.40 

5.04 

4.41 

3.‘*7 

4.52 

4.02 

FeO 

6.25 

4.45 

6.14 

6.58 

4.74 

3.50 

MnO 

0.15 

O'. 11 

. 

0.04 

0.15 

0.12 

0.11 

MgO 

6.97 

4.72 

5.48 

4.52 

3.94 

3.04 

CaO 

10.76 

12.75 

9.52 

'8.57 

7.44 

6.47 

Na 20 

2.94 

2.91 

2.46 

5.58 

4.21 

4.68 

K2O 

0.54 

0.32 

0.47 

1.05 

1.29 

1.57 

Ti 02 

1.65 

1.23 

1.76 

1.97 

1.10 

1.40 

Cl 

not dat’d 

not det’d 

not dot'd 

trace 

not dot'd 

trace 

SO3 

trace 

trace 


not dat'd 

not det'd 

not det'd 

P2O5 

0.24 

0.22 

0.22 

0.17 

0.34 

0.35 


1.52 

0.61 

1.75 

0.36 

0.56 

0.50 

H2O - 

1.78 

0.90 

1.96 

0.12 

0.40 

O.BO 


100.32 

iOO .24 

99.96 

100.40 

100.27 

100.28 


Taken together from what here has 
been stated regarding the products of the 
Krakatau, one can say that a volcano such 
as this produces eruptlves of very diver- 
gent nature and composition, one time very 
acid, then very basic, then again inter- 
mediate. The acid eruptlves possess much 
glass, sometimes consisting largely or 
almost entirely of it. As a whole the 


also if amphibole and olivine are found In 
the ash. If, finally, both the feldspar and 
the dark minerals are analyzed by them- 
selves ana the results compared with those 
of the mineral analyses from Verbeek' s In- 
.vestlgation, it should be apparent as to 
what differences one must especially look 
for: (l) differences in the proportions of 
the minerals while the minerals exhibit 


24 . Jb. Mljnw, Ned. -Indie, ^ (l 930 ), Alg. Ged. 


p. 261 . 
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only small variations; (2) differences in 
the magma, as a result of which, right 
from the beginning the minerals themselves 
were different; or (3) differences In the 
rocks because of both the reasons cited. 

In his summing up of the chemical 
results, Verbeek^’’ takes the position that 
only two groups of rocks of Krakatau 
should actually be considered, namely 
hypersthene andesites, etc., with a silica 
content of between 66.9 and 70^, and ba- 
salts with an average of ^ 9 % SlOs- Ap- 
parently Verbeek did not have at hand 
samples of the above-mentioned andesites 
of 94-60% SIO2, or. If 30 , he did not 
analyze them. 

By way of exception, he recorded 
"a solitary kind of ash” of 6 l^ 3102 * The 
most recent work of the Volcanologlcal 
Service has now filled in this hiatus. 

Under 4 ° Verbeek says: "The pure 
pumice stone glass contains approximately 
69^ SIO2; the farther from Krakatau the 
ash fell, the poorer It was In crystals, 
and the closer the composition of the ash 
approached that of the pumice stone with 
69:^ 3102 - ” Therein lies the Idea that the 
glass Is of similar composition, conse- 
quently the composition of the glass-con- 
taining rocks depends upon the greater or 
less admixture of diverse crystals in the 
glass. For one eruption this idea Is cer- 
tainly logical and acceptable; J. Th. 
Whlte^® and I accepted the Idea and we 
worked It out for the Kloet ash of 1919 
(more about this further on) . But can one 
then say In general that the composition 
of glass from different eruptions varies 
only within very narrow limits? By no 
means. For this reason the analysis of th 
the glass of the so-called "basaltic ashes" 
Is so very desirable. 

From the standpoint of soli sci- 
ence it Is without doubt Interesting to 
know where the potassium Is: In the feld- 
spars or In the glass, and as for the 
former, whether In the large phenocrysts 
as well as In the fine feldspar powder 
and ground-mass. Although since I889 the 
optical Investigation of the feldspars has 
notably refined, it still seems 

huSjf P- 312. 

? 6 . Versl. le Bljeenk. Ver. r. Proefst. Pers., (Bzg. 

H. Stegmann, Inaug. DIbb., (a'elfswald I909), N. 


desirable to supplement this by analyses 
of glass and phenocrysts. 

With respect also to the phosphorus 
there still remain unanswered a few ques- 
tions: where does It accumulate? In the 
first crystals, therefore, as the very 
first generation (apatite), serving as 
crystal nuclei? or does a good deal of it 
remain dissolved In the glass? Only many 
analyses can throw light upon these ques- 
tions. From the available analytical data 
nothing Is to be found which will throw 
light upon these points. 


* * * * * 


Following the extended discussion 
of the eruptive rocks of Krakatau, as ex- 
amples of the group, we may be more brief 
In our treatment of the neutral basic 
eruptive rocks of the other volcanoes in 
the Netherlands Indies . 

The following analyses (see Table 
18, page 90) relate to rocks of the Inter- 
mediate sort from the Batak lands (Suma- 
tra) . ‘ 

The mlneraloglcal composition 
agrees beautifully with the analyses: 
quartz occurs only In V and II, when the 
31O2 .13 greater than 98/^; potassium feld- 
spar (sanldlne) was clearly seen micro- 
scopically only In II (highest potash fig- 
ure); blotlte, much In V, less In II, goes 
together with the most combined water. 

From the left toward the right Iron and 
magnesium Increase strongly, calcium also, 
but less; and In connection with these the 
content of the dark minerals Is as follows: 


V 

Mica 

Hornblende 



(Magnetite ) 

II 

Mica 

Hornblende 

(Auglte) 


Magnetite 

XI 


Hornblende 

Auglte 

(Hypersthene) 

Magnetite 

XII 


Hornblende 

Auglte 

Hypersthene 

Magnetite 

I 



Auglte 

Hypersthene 

Magnetite 

II 



Auglte 

Hyporstheno 

Magnetite 


, 1919), P. 79--99. 

lb. f. Min. Bell. Bd. XXVII, p. 401-459. 
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Table l8 


ANALYSES OF INTERMEDIATE VOLCANIC PRODUCTS PROM THE BATAK LANDS OF SUMATRA 


Name 

Blotlte 

Quartz- 

Hornblende 

Pyroxene 

P.yTOxen0 

Hypersthene 


Hornblende 

trachyte 

pyroxene 

andealte 

andealte 

andesite 


daclte 

andealto 

andealte 

lava flow 



Origin 

D. Palpaian 

Bocloo 

Top of the 

Sinaboeng near 

above 

Mt. Sing-galar 


Karcjlanda 

Nip la 

Slnabtjeng 

ooekanal oe 

Paraambllan 

Toba Tlnioer 




Karol. 


Toba lake 


Own No 

V 

II 

XT 

XIT 

T 

TIT 

Anaiyaia from 

Dittrich 

Dittricli 

Dittrich 

Dil.trlch 

Dittrich 

Dittrich 

SIO2 

62.23 

60.78 

67.70 

5'.,) . 99 

55.18 

53.94 

Al^Os 

16 . 96 

17.63 

16.36 

18.19 

IO.O2 

.18.95 

Fe^Oa 

1.27 

3.82 

4 . 20 

t .10 

3.29 

4 . 06 

FeO 

2.92 

2.18 

3.^7 

3.85 

l.qn 

‘,) . 08 

MgO 

2.02 

2.25 

h4l 

3.02 

3.81 

^.23 

CaO 

6. 56 

6.76 

7. 32 

8.27 

7.51 

7.fi5 

Na^O 

5.07 

2.86 

3.22 

3.28 

2.60 

2.56 

K2O 

i.OY 

2 . 56 

2.11 

1.63 

1.89 

1.68 

H2O + 

2.47 

1 . 38 

1.14 

0.99 

1.09 

0.92 

H2O - 

0.81 

0.24 

0.16 

0.20 

0.58 

0.42 

TiOp 

0.63 

0.62 

0.71 

0.70 

0.96 

1.06 

PsOb 

trace 

0.06 

O.lt 

0.13 

trace 

trace 

S 




trace 

trace 


CO2 

0. 10 




0.10 


Total 

100.11 

100.13 

99. 9“* 

100.25 

99.97 

99.73 


The content of titanium also In- 
creases from the left toward the rlp:ht; 
the ['liosphorus , however, is everywhere in 
very small to extremely small amounts, 
without any rep.ularity. 

Additional analyses of similar 
Sumatran rocks, recorded in the literature 
already referred to, offer no new view- 
point. Sclimutzer""" records an analysis 
hy Dittrich of a hiotito amphibole-ande- 
site, collected under No. 11 7^9 hy Molen- 
praaff near Tebaoenp opposite Na. Oerocii 
in Central Borne.' o. This reck has a compo- 
sition very closely agreeing with No. V of 
the above considei'Od Batak rocks. Although 
apatite was recorded as a mineral by 
Sciuiiutzer, PsO-. does not appear in the 
analysis . 

-x- # * * * 

’28. L. c., Verel. K. A. v. W., W. e. Nat. Afd., XVII 
29. Soo the already more cited Beriee of analyeeB in: 


From Java thousands of rock sample;; 
iiave been determined mineralogically and In 
part minutely described; it is notable how- 
ever, that only a few tens of chemical an- 
alyses have been performed and published, 
for the greater part In recent times, and 
for the rest limit, ed to specimens from Init 
a few parts of Java. Above in Table b,r. 21, 
were quoted a couple of analyses of obsld: - 
an coming from the Kawah Manoek volcano; 
they are apparently the only rock analyccu’ 
which wore available to Verheek and Fenri''!n‘i 
for their Geological Description of Java 
and Madoera. 

Now there have been added*"^ analy- 
ses of rocks of the Tengy^er mountains, Mt • 
Slamat, and Mt . Goentoer. According t(-) t 
descriptions in the handbook of Verbeek 
Fennema these rocks are all basalts. It 

(1908), p. 515. 

Jb. Mijriw. N. 0 . I. 1950, Alg. Ged., p. 252 - 26 , 3 . 
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Table 19 


Analyses of Volcanic Rocks of Java: Basalts and Rolatod Sorts 


Name 

Basalt 

Glaaay | 
Shoehonlt 

1 Basalt 
e 

Baaalt 

Basalt 

Basalt 

Basalt 

Basalt 

Banalt 

Origin 

Goentoer 

Bromo- 

crator 

Waterv. 

Slrawani 

Tengger 

Mts. 

Eall Beal 
Tongger 
' Mts. 

G. Penand- 
Jalian Tong- 
ger Mts. 

Waterv. 

Slrawani 

Tenggor 

Mts. ! 

G. Poondak 

Leraboe 

Tengger Mts. 

Moenggnl 

slope 

Teiigger Mts. 

iQlp In 
Sfmd Sea 
Tonggor 

Mts. 

Ovm No 

(10) 

( 9 ) 

( 18 ) 

(15) 

(20) 

(HO 

(17) 

(19) 

( 16 ) 

Analyale from. . . 

Morley 

Morley 

Patolr 

Patolr 

Patolr 

Wllloms 

Patolr 

Patolr 

Patolr 

SlOs 

91.12 

55.12 

49.49 

90.79 

91.07 

91.46 

94.02 

99.01 

99.13 

A 1203 

19.99 

17.39 

19.03 

17.97 

18.19 

19 . 33 - 

18.68 

17.04 

14.76 

YesOs 

2.86 

1.96 

5-76 

4.40 

3.81 

6.10 

3.13 

2.79 

' 2.24 

FaO 

6.95 

6.82 

6.07 

7.43 

7.48 

7.11 

9.34 

4.72 

6.48 

MgO 

4.47 

5.28 

6.83 

4.21 

4.68 

4.54 

2.34 

1.54 

! 1.98 

CaO 

9.94 

7.97 

10.00 

8.64 

8.07 

8.44 

7.68 

4.40 

9 . 06 

Na 20 

3.11 

2.41 

2.98 

2.96 

5.28 

2.76 

5.40 

4.31 

1 3.80 

K^O 

0.97 

2.67 

0.44 

1.79 

0.93 

1.61 

1.34 

5.06 

3.62 

flaO 4 - 

0.11 

0.17 

0.46 

0.67 

0.89 

0.43 

1.62 

0.70 

0.49 

HaO - 

0.10 

0.06 

0.34 

0.24 

0.66 

0.46 

0.91 

0.8J 

0.22 

TIO2 

0.86 

1.07 

0.92 

1.47 

1.29 

1.45 

1.13 

1.23 

1.09 

PsOs 

0 .l 4 

0.98 

0.14 

0,30 

0.30 

0.28 ; 

0.29 

0.60 

1.99 

Cl . 

0.10 

0.11 

not det'd 

not det’d 

not det'd 

not dot'd 

not dot'd 

not det'd 

not det'd 

MnO 

0.69 

0.71 

0.11 

0.18 

0.06 

0.17 

0.09 

0.09 

0.13 

BaO 

0.09 

0.13 

not det'd 

not dot’d 

not det'd 

not det'd 

not det ' d 

not det'd 

not det'd 

SrO 

0.03 

0.03 

not det'd 

not det'd 

not det'd 

not dot'd 

not ^ot'd 

not det'd 

not dot'd 

Total 

99-81 



100.56 

100.58 

100.14 

91 dl 

100.32 

IOQ.I5 


that were correct the range of the chem- 
ical composition ought to be rather 
limited; this does not, however, appear to 
he the case; from the thirty -one analyses 
available (Oeontoer 1, Tengger 8 , Slamat 
c7:) we select those In Table 19* 




To call Nos. 18 , ip, 20, and l4 
basalts Is quite acceptable, but for basalt 
Nos. 19 and 16 have a composition somewhat 
too widely divergent. After being more 
closely examined microscopically these 
^ocks ought to be given' a more exact name. 
Not only la the content of 3 IO 2 higher, 
also that of the alkalies, especially 
potassium, and then also P; on the other 
hand iron and especially calcium and 
magnesium are distinctly low. No. 17 la a 


transitional form. The high figure of 
1.99 per cent P2O5 for No. ( 16 ) is particu- 
larly conspicuous. 

The rocks of the Slamat, especially 
the basalts are not so divergent In composl 
tion; the following selection (see Table 20 
page . 32 ) was made from analyses of them. 

Here on the Slamat the differences 
with Increasing SiO? content are not by far 
so strongly marked as on the Tengger; 
even decreases Instead of Increasing; there 
Is thus no standard to be established; 
potassium increases but slightly and Iron, 
magnesium and calcium decrease less 
strongly. 

Those two last tables 19 and 20 are 
somewhat fully reproduced here, since pre- 
sumably very many Javan rocks, which serve 
as parent material for soil formation will, 
on analysis, show similar figures. These 
give us now a first point of departure. 
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the soils of equatorial regions 


Table 20 


ANALYSES OF BASALTS AND BELATED ROCKS FROM THE SLAMAT VOLCANO 


Name 

Origin 

Ovm No 

Analyses from, 

SIO2 

AI2O3 

F02O3 

F0O 

MgO 

CaO 

NaaO 

K2O 

H2O + 

H2O - 

TIO2 

P2O5 

Cl 

MnO 

Total 


Olivine 

basalt 

Mt. Slamat 

(>*7) 

Reiber 


1^.98 

20. U2 

2.25 

6.58 

4.45 

9.62 

502 

1.45 
0.19 
0.12 

2.47 

0.48 

trace 

0.14 


Hypersthene 

basalt 

Mt. Slamat 

(48) 

Reiber 


100 . 2 ^ 


49.24 

19.04 

7.40 

2.64 

4.57 

6.06 

2.92 

1.09 

2.55 

1.02 

1.65 
0.48 

0.12 


Olivine 

basalt 

Mt . Slamat 

( 55 ) 

Reiber 


50.48 

17.70 

5.71 

6.50 

5.76 

9.40 

3.12 

1.05 

0.28 

0.09 

1.70 

0.55 

trace 

0.19 


Basalt 

Mt. Slamat 

(56) 

Reiber 


100.56 


100.55 


52.50 

18.48 

2.09 
6.58 
5.05 

9.09 
5.26 
1.12 
0.25 
0.09 

1.65 

0.50 

trace 

0.17 


100.21 


Hyper 0t hen e 
andea Itc 

Mt . SI arm t, 

(‘) 7 ) 

Reiber 


5 % 94 
1B.06 
2.27 
4.81 
5.88 

7.06 
5 07 
] .92 
1.52 
1.52 

1.50 

0.51 

trace 

0.12 


Hypersthene 

andesite 

Mt. Slamat 

(6l ) 

Reiber 


99.98 


55 . 86 

18.10 

5.11 

4.51 

5.67 

7O9 

5.60 

2.00 

0.19 

0.14 

1.41 

0.50 

trace 

0.11 


100.29 


liyporsthono 

andesite 

Mt . Slamat 

( 7 A) 

Eel^er 


58.74 

17.28 

5.72 

2.58 

2.60 

6.89 

5.67 

1.88 

0.71 

0.62 

1.25 

0.22 

trace 

0.10 


100.24 


The recent volcanic ash covering, s 
of Java and, as far as studied, also those 
on the other islands deserve special men- 
tion. 


* * 


# * 


The oldest ash analysis is cer- 
tainly that by Thom. Horsfield^®; it is of 
an ash which fell at Batavia on the 6th 
and 7th of April, I 805 , and is said to 
have come from Mt. Goentoer. In 200 grains 
of sand Horsfield found: 


158 grains silica (inclusive minerals, in- 
soluble in "aqua regia" and sulfuric 
acidl ) : 

15 Alumina (including TlO^?) 

10 Iron (inc. FeO) 

5 Magnesia (MgO) 

12 Calcareous earth (CaO) 

198 and 2 loss (including alkalies, in so 
far as not in the "silica") 


¥ 




}0. Thom. Horefleld, Sohellomdlge ontledlng van ©an Vulkaansch Zand., Verb. Bataafech Gen. der K. on W., 
VII (l8l4), No. Ill, p. 1-5. 
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Since the question wag not gone 
.nto, as to what was Included under 
'silica/' we can draw from this analysis 
10 further conclusion. 

. Another ash, erupted by Mt . Goen- 
ner on the 2b th November l844, was col- 
.ected by F. Junghuhn and was analyzed by 
\ J. Maler. The analysis was published 
n the Nat. en Geneesk. Archlef voor N.-I., 
ind mentioned by D. W. Rost van Tonnlngen^^ 
In connection with two analyses which he 
limself made of ash from the "Vuurberg van 
[•ernate" and Mt. Merapl. He records (see 
Pable 21 ) : 


peculiar that for "water soluble" 3*12^ Is 
recorded; for the three analyses above this 
was respectively 0 . 3 %--l- 60 ^ and 1.42/3. 

In l864 S. A. Bleekroode^"^ published 
the results of a chemical Investigation of 
the volcanic ash of the Kloet, which fell 
at Magelang on the 3rd and 4th of January, 
l864 . The analysis which was carried out 
by this military pharmacist "upon the Invi- 
tation of the Chief of the Medical Service, " 
cannot be entirely relied upon. The spe- 
cific weight stated as 8-82 Is obviously 
far too high. Again, this Investigator em- 
ployed partial solution with acids, and 


Table 21 

ANALYSES OF VOLCANIC ASH 



Mt. Goentoer 

Plok van Temate 

Merapl 

Specific gravity of the aah 

2.857 

2.755 

' 2.801 

Silica 

51.77 

51.67 

1*5.15 

Alumina 

25.77 

46.48 

32.90 

Iron Oxide 

15.67 

14.68 

10.74 

Lime 

7.44 

4.77 

7.59 

Magnesia 

0.94 

0.55 

2.25 

Sulfuric acid, 

0.017 

0.296 

1.10 

Hydrochloric acid 

0.020 

Chlorine 0.206 

0.09 

Water 

0.52 

Loss on ^ ^ 

0.99 

Ignition 

1.29 

Soda and loss 

0.06 

0.58 

1.38 


100.00 

100.00 

100.00 

Analysis by 

Maler 

Rost V. T. 

Rost V. ' 


These analyses are more Interest- 
ing than valuable. It is true not only are 
Pk’Os and TIO 2 not recorded, but not even 
the alkalies are given separately. More- 
over, an AI2O3 content of 46.48^ strikes 
one as being quite unusual. 

An analysis of ash (of November, 
by Rost van Tonnlngen^^ apparently 
Coming from one of the volcanoes of North 
Sumatra^^ gives besides perhaps a few ac- 
curate figures, yet also some strange ones, 
^or next to a SIO 2 content of 80*^0% stands 
AI 2 O 3 content of 27-49^, while for al- 
^^lles etc., 0.12^ Is given. It Is 


determined no TIO 2 ; no MnO, no FeO, but he 
was the first to record potassium: 


Silica 51.348 

Alumina 23.418 

Iron oxide 13.755 

Lime 5.625 

Magnesia I .613 

Potash 0.859 

Soda 1.978 

Water O.927 

Salts soluble in water.. O .252 
Lose Q.Q 5 I 


100.000 

Nat. Tschr. v. N.'I., II (I 85 I), 


W, Rost van Tonnlngen, De vulk. asch van den berg Merapl, enz.. 

p. 464. 


Scholk. Onderz. v.e. vulkan. asch, gevallen l4 Apr. I 856 op het fregat "Palembang, " enz., Nat. T. 
schr. 7 , N. I.,III (1856/’57), p. 471. 

53 . According to A. Wlchmann probably from the Boer nl Tellong (Eruption of 15/l4 Apr. I 856 ). 

Geneesk. T. schr. v. N. 1., H (1864), p. 344-349. 
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The figure here given for "alumina” is 
also quite too high. 

Ten years later J. B. Nagelvoort 
wrote a "contribution regarding the so- 
called volcanic ash in general, and In i)ar- 
ticular about that of the Merapi in Java 
of 15th and 16th April I872." In this 
somewhat copious but Important paper much 
foreign literature was for the first time 
incorporated critically and carefully. 
Hagelvoort also demonstrated for the first 
time manganese and titanium in volcanic ash 
from Java; very likely he is also the first 
of the investigators in Java, who recorded 
the microscopic study and demonstrated in 
the ash the presence of feldspar, auglte, 
hornblende, as well as magnetic iron ore 
and blown glass. But he did not give a 
quantitative chemical analysis. 

The analysis by C. L. Vlaanderen^^ 
of ash erupted by Gedeh (Java) on* the l8th 
September I866, and "collected on the cra- 
ter wall by Dr. Ploem, " also sub-divided 
the material into three parts: the water 
soluble constituents the hydro- 

chloric acid soluble constituents 
and the residue insoluble in hydrochloric 
acid 67.47^. By combining the two latter 
portions the following composition was 
found: 


S102 


A1203. 

20.00^ 



FeO 


MgO 


CaO 

5-95^ 

NagO 


K2O 


H2O 



100. o6^ 


Here for the first time we come 
across FeO determined separately, as well 
as PegOo; (however the amount is apparent- 
ly still too low) . K2O is presumably also 
too high with respect to the Na20 content. 
From Mt. Gedeh material there exists not 
a single additional analysis for compari- 
son. 


Verbeek recorded In still 

another analysis of the Merapi (Sumatra's 
West Coast) of December, L876. This ash 
he described as "auglte andesite dust. 

But this analysis by Clausnlzer cannot be 
thoroughly relied upon: 


slOo 58.51 

A1;:,03 12.01 

Fe^Oa 8.1^1 

FeO 0.97 

MgO 2.^47 

CaO 11-99 

Na^O 4.13 

KpO 2.00 

HoO (lose on Ignition) . . ] .^6 

Total 99.85 


Beside the; high FepOs figure, the 
FeO figure is conspicuously low, and AlpO-i 
likewise seems conspicuously small compared 
with the recorded amounts of alkali and the 
extraordlnarily high calcium content. Mon; 
over MnO, TIO2 and PpOe wore aj^parently not 
determined. Such an analysis is an invita- 
tion for a repetition according:; to modern 
analytical methods. 

In 1B94 P. van Romburgh^^^ investi- 
gated ash of Mt. Galoenggoeng erupted on 
the 18th and 19th October of that year. 

This ash fell at Garoot, and also in three 
other places. However he did not carry 
out any complete analysis, but merely de- 
termined the quantity of calcium, magne- 
sium, potassium, and phosphorus which were 
extracted by acid. Ttie investigation was 
for the sole purpose of determining whether 
the ash contained const- 1 tuents immediate 1.;^ 
Injurious to plants, or whether on the 
other hand the ash might he thought of as 
a fertilizer; the ash was found to be 
neither injurious nor beneficial . 

The eruption of the Kloet on 23rd 
May, 1901, was the Introduction to the 
publication of different investigations 
of the ash. Kramers^^ extracted different- 
samples of ash with [)% hydrochloric acid. 
From the agronomic point of view these 
figures are quite important, hut from ttie 
standpoint of the composition of the ash 


35. Nat. T. Gchr. v. N. I., ^ (l874), p. 1. 

36. Jb. Mijnw. N. I., 1873, 1, p. 219-221. 

57. R. D. M. Verbeek, Sum.’ WestkuBt (1885), p. 518-519, Beschrljvlng der asch, p. 496. 

38. Teysmannla (l894), p. 7II; Ref. Arch. Java. S. Ind. (1895)^ I, p. 387. 

39. Teysmannla, (19OI), p. 513; Ref- Arch. J. S. I. (1902), p. 30. 
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as a, wiioic l iin;; arc- Lia ij ;nif 1 cant . For 
tSa; asli which hell at N^oesrl, located on 
tho’ sloi’Os of 111'; Kloot, ho rf.'Corded a 
3 L ]. 1 c 1 c a c 1 d c on t , e n t o f 1. 6 . h; f ; (; r c e n t . 

Pr Insen Coorlir.s ^ It la true, /^ave a total 
H,nal .V sis, h u t It, I c not f u 1 1 y 'd 1 v 1 de d uy- 
into the cons 1 1 1 ueuit s , and healdes It Is 
not. clear whether lie was dealin/'; with ash 
which had fallen at, Kedirl, at Banjoemas, 
or al, Pekaloriioan, or whetlier it was a mljc- 
lure oh tlie three (or even four) kinds. 
These analyses will he found In Table 22. 

The hih;h silica content leads one 
1 0 p r e s u ni e t h a. t h e studied ash wli I c h f e 1 1 
far from t,he volcano; or that In the final 
mixture the ash from Banjoemas and/or Peka- 
lonpan preatly predominated. Iron dioxide 
and alumina which were not separated, are 
atrikiiv'ly low; calcium is very hi|d‘i. The 
quantities of SO-j and P^Os are apparently 
only those soluble In hydrochloric acid; 

Cl Is the water-soluble amount, judpinp 
from the constituents mentioned which are 
Lioluble in water and in hydrochloric acid. 
In short --these analyses leave open many 
Important questions. 

Oni^ pets more of a foothold from 
the data of Kobus,'’^ especially since lie 
Invest Ipated separately the ash from five 
places, at, air line distances of 20, ^lO, 

90 , 220 and 320 km, from the point of 
cjM.iption. (The analyses were made by Th. 
Marr). It Is true' tliat total analyses 
were made of only tliree of the five ashes, 
and even then only incompletely, but yet 
what is pi veil is of value. (See table on 
la.i^e -h)) . It appears clearly how, with 
increasing: distance from tdie point of 
criiiitlon and consequently with finer ash, 
the silicic acid content increased, and 
ircbably also that of t,he alkalies, while 
'he flp.ures for Al-Os, Fe-Os, CaO and MyO 
decreased. 

Kohus also referred to a couple of 


■cnuly SICS by Van Lookeren C.am; ayne'^ which 
arc; of* ,ash from the Moral)! (Central Java), 
conn arf;ii with "andesite," I . o a mixture of 
hrireo rock samT)le3 from the volcanoes 
Morapl, Lawoe, and Sawal (Cherlbori) , and 
"basalt" whlcb Is a mixture of basaltic 
Isvas from t,ho Oenyarany, the Slamat and 
the Goont.oor. We can ylve only a compjara- 
r’vi; vnllue to tlie last t,wo analyses, since 
wc; liavo no way of knowing which "hand 
sar:,[ les" had the yreatest influence upon 
the figures. Although the analysis of the 
Merap 1 esn is incomplete, because of the 
failure to determine the Fe-Oa, FeO and 
TlOa aijd the total 101.17 is somewhat high, 
still the results are Included in Table 22. 
The relatively high potassium content of 
those andesitic ashes is peculiar. 

In this table (Table 22) a place 
Is also made for two p)artial analyses of 
Lamongan'ash'*^^ ; as well as an old analysts 
of Prdlls.^''‘ 

In conclusion there may be found 
in the exhaustive monograph of Kemmerling^ 
on the Kloet eru[)tion of 19/20 May 1919 > 
four analyses of ash from the eruption; 
these too are not complete analyses, but 
yet worth recording and therefore Included 
in Table 22. In these analyses there may 
be noted particularly: the high content of 
AlrOs, the low Pi>0s content, the absence 
of the alkalies, of TiOz- and FeO. A repe- 
tition of the analyses filling up the nec- 
essary yaps, would not he a superfluous 
luxury (see Table 22). 


Since in these analyses the sulfur 
cont,eMit, is never determined, we may, in 
order to fill In *,he yao, refer to the 
followlny quotation from Wlilte:’^'^' "total 
sulfur" was doierminod according, to the 
method of Hillebrand: 


Arch. J. S. I. (1902), p. to. 

^ 1 - J. D. KobuB, Arch. J. S. I. (I902), I, p. 97-IO8. 

C. J, van Lookoren Campagrie, De bouw^^i'ond van Java, enz., Hand, le Con^^T. Alg. Synd. Sulker-fabr ., 
(Soorabaia, Mrt, I896), p. 20-tl. 

Kobuo, 1. c ., p. lot. 

N. jQhrb. f. Min. etc. (lB6b), p. ^ 26 . 

Vulkanol. Medod. No. £, (Batavia, 1921), p. ^9- 

J. Ill, White, Voork. v. voor kultuurgew. schad. best, in Kloetasch, Med. Lab. Agrogeol. en Ck*ondond. 
^2. ^ (Batavia, 1920 ), p. 10. 

W. F, Hillohrand, Analysis Slllc. and Carbon. Rocks, U. S. Geol. Sni'v. Bull. No. 422 , (1910), p. 198. 
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These figures (see Table 23) thus 
Include the sulfur, which Is present as 
sulfate, as veil as the sulfur In the 
forms of pyrite (Fe32) and "pyrrhotlen” 
(FeS). These amounts vary rather widely, 
but the number of analyses is not great 
enough to draw any general conclusion 
from them; meanwhile they are of such an 
order that we cannot but be sorry to find 
In the ash analyses In Table 22 so fre- 
quently the expression "not determined*" 


of Washington; we have to thank this Inter- 
est for a large number of good analyses of 
these rocks. To record them all here would 
seem superfluous, but a few principal rep- 
resentatives are Included In Table 24. 


Table 25 


SULFUR CONTENT OF KLOET ASH SAMPLES 


Serial No. 

Lab. of Agrogeology 
and Soil Research 

Ash of Kloet, 1919 
collected at: 

Total Sulfur ^ 
of the air dry ash 

7048 

* Gembar Plantation • 



upper layer 

0,31 

7047 

Gembar Plantation 



lower layer ! 

0.84 

7043 

Kedlri 

0.51 

8271 

TJllatJap 

0.21 

7049 

Malang 

0.22 

7039 

Bondowoso 

0 . 4 l 


More recent analyses of ash from 
Mts. Gedeh, Tangkoeban Prahoe, Goentoer, 
Papandajan, Galoenggoeng, Merapl, Smeroe, 
Bromo, Lamongan, and Raoen are not yet to 
be found In the literature. It Is to be 
hoped that these gaps which at present we 
regret to find when studying the soil may 
within a few years be filled In! 




We cannot very well leave the sub- 
ject of the eruptive rocks without a short 
treatment of that group of potash-rich leu - 
clte rocks, which have appeared in Java on 
Mta, Moerlah, Ringgit and Loeroes, and have 
also been found In Celebes, from Maros to 
Watoe Soppeng and still farther north, and 
on Bavean and then on Soembava. These 
^ocks especially attracted the attention of 
petroleum geologists such as C. F. Iddlngs, 


In these figures, we see that most 
of these rocks exhibit a high content of 
potassium; a few (Nos. 18 and Ib) have less 
and therewith demonstrate the variability. 
Amonp' trie rocks of Moerlah as among those 
of the Plek van Maros, those richest In 
silica also have the most alkalies and 
aluminum: In Celebes P appears to accompany 
Fc, Mg, and Ca, thus the most phosphorus is 
In the basic rocks; also the basic Moerlah 
rocks exhibit quantities of P. As regards 
almost all the main constituents, the 
Celebes rocks fall Into clearly defined 
groups; of the Moerlah no more acid rocks 
have been analyzed than the above-named. 

Except for the high P content of 
the more basic of these rocks, the atten- 
tion might well be directed toward their 
high T1 content. 




Joe, P. Iddlngs, Igneous Rocks, New York, 1913 , H, p. 619-65I (Neth, Indies); J. P. Iddlngs & W. E. 
Morley, Contrlb, petrogr. Java and Celebes, J. Geol., Chicago, 23 ( 1915 ), P* 251 - 24 ‘ 3 . 
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TWilo 24 


ANALXHtt OF POTASI-iOCH VOI^AHIC ROCIB 


Nana ....... 

Leuolte- 

Leuolte- 

Leuclte- 

Leuolte- ! 

Boetcmlte 

Sodallte j 


tophrlto 

tephrlte 

tephrlte 

tephrlte 


trachyte 

Origin 

Moerlah 

Moerlah 

Moerlah 

Moerlah 

p. T. Maroa 

P. V. Maroo 




K.Glblnan 

at Ragoe 

Gentoongan 

In the South 







Vest 

Ovm Ho. . . . 

(1) 

(2) 

(6) 

(8) 


(12) 

Analyzed by 

Morley 

Morley 

Morley 

Morley 

Hlnden 

Morley 

SlO 

51-85 

60.18 

46.54 

45.03 

61.16 

68.61 

AI2O3 

19.08 1 

17.82 

15.96 

16.59 

22.07 

21.62 

^^ 2^3 

4 . 2 '^ 

4.04 

6.24 

4.66 

1.05 

1.16 

YeO 

2.69 

3.89 

6.61 

6.57 

1.02 

0.79 

MgO 

1.48 

2.88 

4.70 

5.96 

0.40 

0.16 

CaO 

5.81 

7.19 

10.09 

11.09 

0.76 

1.71 

Na20 

4.46 

5.24 

2.28 

3.65 

5.86 

6.60 

TgO 

6.61 

6.66 

4.44 

6.29 

7.01 

6.82 

1.42 

Hid + 

1.04 

1.61 

1.11 

6.49 

0.71 

0.19 

HgO 







TIO2 

0.66 

0.76 

1.11 

1.10 

0.20 

0.17 

P 205 

1.25 

0.76 

1.18 

0.96 

not dot'd 

0.04 

Cl 

0.21 

0.16 

0.07 

0.26 

not dot'd 

0.07 

MnO 

0.61 

0.50 

0.18 

0.64 

not dat'd 

0.40 

BaO 

0.17 

0.26 

0.15 

0.16 

not det'd 

0.01 

SrO 

0.19 

0.29 

0.24 

0.16 

not det'd 

0.02 

Mloc 

0.11 

0.04 

0.16 

0.16 

not dot'd 

0.02 


100.40 

100.01 

99.53 

100.33 

100.22 

99.81 


Blotlte 

Abaaroltolt 

Blotlte 

Msroelte 

nephellnlte 


ahonklnlte 


syenite 




r. V. Mbtob 

P. 7. Maroa 

P. V. Maroa 

P. T. Maro 


In the South 


Qentoengan 


Vest 



(13) 

(18) 

(15) 

(16) 

Morley 

Morley 

Morley 

Morley 

56.51 

46.06 

45.26 

1*3.98 

21.69 

14.88 

15.70 

12.28 

1.20 

4.22 

2.44 

5.49 

0.97 

5.78 

6.16 

7.70 

0.64 

5.98 

8.28 

8.00 

1.88 

15-1*7 

11.95 

11.19 

6.56 

1.1*1 

1.73 

1.53 

9.17 

2.56 

3.42 

6.06 


3.01 


1.61 

1.13 

0.52 

1.4l 

0.21 

o.4i 

0.93 

1.66 

2.24 

0.51 

0.69 

0.90 

1.81 


0.09 


P 0.16 




0.12 

0.16 

0.21 

0.54 

0.61 


0.06 


0.16 


0.07 


0.12 

0.67 

0.04 

0^.65 

S 0.10 

99.72 

99.90 

99.80 

99.97 


A3 to the analytic data rolatlnp, 
to sedimentary rocks of the Netherlands 
Indies, the position even today Is still 
very distressing. It is true that a few 
partial analyses may be found, but apart 
from a few exceptions, which therefore may 
also here be recorded^^ one searches In 
vain for complete analyses. 

Here we have an analysis of a blue 
clay stone, which when submerged in water 
increase’s about 10 '^ in volume: 


SIO2 .... 

50.70)( 


TiOo .... 



A1.:*03 .... 

n.kii 

(including the VpO^ proaent? L 

• 


any) 

Fe203 

5-65^ 

(including the F0O present? If 



any) 

MnO 

. 0 . 56^ 


MgO ... 

. 0-91^ 


CaO 

- 9-76^ 


Na^O . . . 

■ i.ei*lt 


KpO 


Moieturo . 

. l*.i*i*)t 

(including loss on ignition) 

CO2 . . . 

. 4.58^ 


SO3 ... 

100 . 0 &f> 

(this should be 100.11^) 


'1+9. Jb. Mljnw. (1950), Alg. Ged., p. 292, No. 2 to 6; relating to claymarls from Central Java. 

50. E. A. Douglass, Onderz, oorz. grondw. spoorb. Poerw.-Padal. enz., Jb. Mijnw. N.-I. (l91l); Verb., 
p. 238. 



THE COMPOSITION OF SEDIMENTARY AND METAMORPHIC ROCKS 




The "clay atone" is "presumably 
formed from volcanic ash which had settled 
out from suspension in water", It con- 
tains limestone masses and long thin white 
lenses ol’ tuff. In comparison with the 
analyses of the eruptive rocks it strikes 
one that in contrast with such a high con- 
tent of calcium there are such low amounts 
of alkalies. If one takes from the quan- 
tity of Ca as much as is necessary to com- 
bine with SO 3 and CO 2 , to form calcium car- 
bonate and anhydrite or gypsum, then there 
still remains an excess of 1 .^ 6 % CaO. We 
remain entirely in the dark as to what to 
think of the way in which constituents of 
the clays tone are combined into minerals. 
From the figures it ought to be easy to 
compose a magmatic "rock"; yet actually 
this is not the case, for such a rock does 


not swell uf- in water, not oven In a fine- 
ly powdered I’orrn, though the claystr}ne 
does; ultimately it forms a plastic mass. 

Th i s e xarnp 1 c; w o 1 L d e mo n s t r* a t s how 
a complete analysis by itself has only a 
small value. There must still be added 
all kinds of other data. 

Total analyses, as well as partial 
ones are entirely lacking for a(;rlal tuffs, 
quartz sandstones, marine sandstones, and 
tuffaceous calcareous sandstone of the 
Netherlands Indies, from which we could 
learn how mucii quartz, clay, carbonate, 
and tuffaceous 'r volcanic material they 

J)03S(}SS . 




Table 2 '.; 


ANALYSES OF METAMORPHIC ROCKS 


Name. ...» 

Quartzite 

Mica echiot 

Glaucophane 

Muscovite 




schist 

epldote schist 

Origin 

W. Borneo 

Kar angs am b 0 eng , 

K. Trenggoelon 

Upper course of 



Central Java 

Central Java 

the Loh Oeloh 





Central Java 

Own No j 

(21) 

(28) 

(30) 

(y)) 

Analyzed by. . . 

Willems 

Esenwoln 

Don Haan 

• 

Den Haan 

SIO2 

98.22 

70.87 

52.06 

40.77 

AI2O3 

1.27 

12.85 

U.66 

10.60 

Fe 203 

0.12 

0.72 

4.02 

2,07 

F0O 

0.15 

I+.65 

! 5.67 

12.61 

MnO 

0 

0.12 

! 0.07 

0.29 

MgO 

trace 

1.85 

10.10 

4.76 

CaO 

0.01 

1.5^ 

2.9^ 


Na 20 

O.OL 

2.65 

4.56 

0.77 

K2O 

0.51 

2.20 

2 . 1*2 

2.74 

HgO + 

0.12 

i.60 

2.80 

2.42 

H2O - 

0.06 

0.10 

0.02 

0.06 

CO2 ........ 

0 

0 

1.78 

0.27 

TlOo 

trace 

0.94 

1.82 

5.02 

fsOs 

0.01 

0.19 

0.26 

0.78 


100.01 

100.24 

100.17 

99. 70 



P. 229. 
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Only a few analyses of metamorphlc 
rocks, mostly from Central Java, are avail- 
able.^^ A few analyses from Rittman^^ 
concern special cases which are of minor 
Importance for general soil science. It 
Is also true that the rocks to which the 
following analyses (Table 25, page 59), 
refer are not of great significance In soil 
formation, yet these kinds occur upon Su- 
matra, Borneo, Celebes, New Guinea, etc. 
and here and there they are most certainly 
a parent material for soil formation: 

These few analyses (see Table 25) 
demonstrate sufficiently, how much varia- 
tion also exists In this group of rocks; 
of each of the constituents little or much 
may occur. The variability in minerals Is 
greater than In the case of the volcanic 
rocks, but many of the minerals are only 
accessory or seldom occur. Quartz, mica, 
secondary feldspars and various sorts of 
amphlboles compose the main mass of the 
minerals. As compared with the volcanic 
rocks a principal difference Is, however. 


52. Jb. Mljnw. N. I., (1950), Alg. Ged., p. 255-257. 
55. A. Rlttmann, Gest. v. Kellang u. Manlpa (Cernm), 
suits Explor. Ceram by Rutten & Holtz). 


the absence of glass, which renders them 
less resistant against weathering. 

# 

We have gone through the parent 
materials of the kinds of soils of the 
Netherlands Indies which in general are 
the most Important. But a great many rock 
analyses are still needed to enable one to 
answer practical questions such as where 
in Java or In Sumatra, etc., one might, 
for example, expect to find soils, which 
In their origin are rich or poor In phos- 
phorus, or potassium, or calcium? It Is 
welcome news that during the last few years 
the Petrochemical Laboratory of the Geo- 
logical Survey has been established and 
Is In operation at Bandoeng, Java; without 
doubt Its work will also be of Increasing 
value to soil science in the Netherlands 
Indies. 

# * # # # 


(Amsterdam, 1931). (Geol. Petrogr. Palaeont. Re- 



Chapter 1 1 


THE ACTIVE FORCES OF SOIL FORMATION: 

FORMS OF CLIMATE SOIL FORMATION 


From the rocks, directly or in- 
directly, the aoil originates through 
weathering and soil formation , two proc - 
esses which merge into each other, in 
these processes the active forces are 
those of the weather, locally defined as 
climatic influences. The climate is con- 
ceived of as all of the climatological 
characteristics at a given place on the 
earth. 

In considering the climate and 
the influence of the climate , from the be- 
ginning ve must make a sharp distinction 
between the climate in the atmosphere 
above the soil, and the climate the 
soil, the soil climate . The soil par- 
ticles are directly affected only by the 
latter; and indirectly with the former 
only in so far as through it the latter 
is influenced. 

The climate, let us say the atmos - 
pheric climate , is studied by the meteor- 
ologists and climatologists with instru- 
ments which are located meters above the 
soil; many times anemometers and sunshine 
recorders are on the roofs of high struc- 
tures. Everyone knows that at a short 
distance, say only 5 or 10 cm. above the 
soil there are entirely different values 
for temperature and humidity than farther, 
say 1 to 3 meters above; it may happen 
that plants are frozen by night frost, at 
a i’ew degrees below zero C, while the "air 
temperature" about 2 meters higher up is 
^5till a few degrees above zero C. Wlien 
dry wind suddenly starts to blow the rela- 
tive humidity can fall to below 30 per 
cent, so that some living plants dry up, 
while at 20 cm. below the surface the soil 
still be saturated. Examples such as 
these can easily be Increased with a number 
of others; enough to demonstrate the fact 
that what happens climatologlcally above 
^nd In the soil differs so much that it 
accounts for the differentiation in 

C. Braak, Het KHmaat van Ned. -Indie, Verb. £ v/. 

Afl. 5. Hist. VIII, (Batavia, 1924). 


principle of the soil climate from the air 
climate. Differentiation does not, however, 
mean that the two are entirely independent 
from each other; for everyone knows that 
with a sustained higher or lower tempera- 
ture of the atmosphere the temperature of 
the uppermost portion of the soil also 
rises or falls, even though It be in a 
different temperature range. Also with a 
goodly rain the soil becomes more moist, 
and with a long continued drought the at- 
mosphere of the soil dries out. A neces- 
sary consequence of the differentiation is 
that both the air and the soil climates 
must be individually Investigated, after 
which the mutual relationships appear. At 
the same time one may be sure that it will 
be evident that there are certain factors 
which either may be of great weight, or 
which will have little or no significance, 
and vice versa. 

The climate as such is a complex 
system, which cannot be directly measured. 
It rather consists of a number of climatic 
factors , of which each in Itself is quite 
measurable, and as such can be studied 
scientifically. So what we shall discuss 
here are various climatic factors, which 
are known to be of Influence upon the soil 
and that occur within the soil. These fac- 
tors are principally temperature, humidity, 
and indirectly the relative humidity of 
the air, the wind (monsoons), cloudiness, 
etc. In addition, in connection with soil 
climate, the condition of the vegetation 
is of particular importance. Perhaps there 
are still other factors which are Important 
but if so, we do not yet know what they 
are. 


1. SOIL TEMPERATURE 

The temperature of the atmosphere, 
as is dealt with by Braak^ in his handbook 

Kon. Magn. Mateorol. Observ. te Batavia, Dl. I, 
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regarding the climate of the Netherlands 
Indies, are data relating to the atmos- 
phere a fe¥ meters above the soli, as 
measured In the shade. If the soil Is 
screened from the radiation, as for ex- 
ample In a thick forest, then the sur- 
face few ram. of the soli follow the air 
temperature but with somewhat less varia- 
tion. But--lf direct radiation becomes a 
factor then enormous differences In tem- 
perature occur. 

For Central Europe there are 
available extensive series of observa- 
tions; J. Schubert, especially, has under- 
taken and published many Investigations 
for that region. From these data It ap- 
pears that at midday the soil temperature 
may be more than 13*^0 warmer than the cor- 
responding air temperature; for Kurwlen 
(East Prussia) there has been recorded 
a maximum temperature of 43*1 while 
somewhere else Is mentioned "a radiation 
Intensity of 1.278 Cal/cm^/mln, corre- 
sponding with a temperature of 80'." 

Even though this temperature was not di- 
rectly measured on the radiated object-- 
the soli, still we find this statement by 
Vageler;^ "Pechuel-Loesche and Vageler 
have actually recorded temperatures of 
84°-86°C. for the soil surface in the 
Congo and In East Africa, and similar 
figures have been registered In other 
tropical and subtropical regions.*' 

Other observations In East Africa 
by the same writer gave for bare soU, 
surface temperatures of 30 . 20 ; 31.3 and 
34.2°C; but at only 3 cm. depth below the 
surface the temperature did not rise 
above 37^C, and at 10 cm. depth the tem- 
perature came only just above 30 C. 

Corresponding with the above- 
mentioned maxima of over 30 ^C, under a 
growth of grass (savanna) the soil surface 
temperature was only just 34 0, and at the 
same time In a neighboring shady forest not 


more than about 23 "'C. If we take Into con- 
sideration that the air temperature at the 
same time gave maxima of 26-30 C, then It 
appears how the surface of bare soli can be 
20 to 2‘;°C warmer. Any sort of vegetation, 
however, reduces tills dllierence. 

At Pusa, British India, Leather 
took soil temperature measurements ; he 
pointed out, as a general rule, that with 
dry weather and a cloudless sky the maximum 
temperature of the bare soli at the surface 
Is approximately 20°C higher (plus or minus 
3°C) than the maximum temperature of the air 
as observed normally in a meteorological 
shelter. The minimum temperatures, accord- 
ing to Leather, do not shift much. At a 
depth of only l” (2.3 cm.) such marked dif- 
ferences are no longer found; at this depth 
the day temperature of the bare ground lu 
but approximately 3^C higher than tiiat of 
the atmosjjhere, and the night temperature 

about 2‘^C higher. 

If the above temperature ranges 
are also true for the Netherlands Indies , 
then we might conclude from It tnat with 
atmospheric temperatures of 23*^ to 30° or 
33°C (taken In a meteorological shelter), 
the surface temperatures of bare soil will 
often be between 43 and 60°C, but that at 
the same time under forest the soil tempera- 
ture will not rise far above 30°C. 

In Tonkin^ it was established that 
on an average under shady conditions the 
soli t-emperature, at 13 cm. deptii, durln^^ 
a year was approximately 2 C higher than 
that of the air, while at 30 cm. depth. It 
was 4.3°C higher. Corresponding observa- 
tions on bare land in the direct sunlight 
are lacking. 

Now as far as the Netherlands Indies 
are concerned, Braak records" that observa- 
tions made In Batavia In an open lawn Indi- 
cated for a depth of from 3 to 3 em. an 
average temperature of 3°C above the average 
air temperature, for depths of 13 to 110 cni. 


2. J. Schubort, Das KLlma d. Bodenoberflacho u. d. unt. Luftechlcht 1. M.-Europa, Handbuch der Bodenlolire 
(Berlin, 1950), Bd. II, p. 35-91; J. Schubert, D. Verhalten d. Bodens gegon Warmo, Ibidem : Bd. VI, l’- 
5^2-575. There is also much other literature but relating practically exclusively to Central Europe. 

5. Handbuch der Bodenlehre VI, p. 535 • 

4. Handbuch der Bodenlehre II, p. 57* 

3. P. Vageler, An Introduction to Tropical Soile, translated by H. Greene (London, 1955), P* I04* 

6. P. Vageler, Die Mkatta Ebene, Belh. z. trop. Pfl. (19IO), p. 266-278. 

7. J. Walter Leather, Soil temperatures, Mem. Dept. Agr. India (Chem. Ser.), IV, £ (1913); PP* 19-49. 

8. P. Carton, Temperature du sol k Phu-Lien (Tonkin), Bull. Econ. Indochlne, 55 (1950), p. 688 B. 

9. C. Braak, KLlmaat v. Ned. -Indie, I, p. 552, (Verh. Magn. Meteor. Obs. Bat. No. ^ Batavia, 1921-23) • 



SOIL TEMPERATURE 


of above. At b cm. depth the absolute 

maxima varied between yj^ and 3B°C. 

From determinations by Marr^^^ we 
learn that on the grounds of the sugar ex- 
periment station at Pasoeroean the soli at 
1 foot (30 cm) depth averaged approximate- 
ly 3*b°C warmer, and at 2 to 4 feet approx- 
imately 3 2/3*^’C warmer than the atmospheric 
t,ernperature . Nothing Is recorded as to the 
stal e of (-he vegetation, If any, on the 
:i and . 

Observations made at Bultenzorg, 
by Van der Elst,”*^ above and under a lawn 
exposed i.o the full sun, agree very closely 
wl Ihi those obtained by Braak at Batavia. 
Here, t-oo, was found an average soil tem- 
perature 3 *3*^0 higher than the correspond- 
ing air temperature. 

Since observations made by J. van 
Breda do Haan^"' at an earlier date later 
appeared to be incorrect , ^ they will not 
be discussed here. 

It Is worth while to record here 
t.wo series of observations by R. Wind^^ 
with reference to the Influence of differ- 
ent crops or covers, In short --the effects 
on soil temperature of hampering the radi- 
ation. 

1. Ho took the temperatures at Bulten- 
zorg at noon at 1 to 2,:) cm. depth: 

a. in an oMon field, where there was 

an avcrag.e temperature of ^6.6^'^C 
(Max 32°C) 

b. under a light crop of maize: 
tcanperature of 26.0°C (max 27°C-- 
min. 2‘/’c) 

G. under a mat cover: temperature 
2b.')‘’C (max. 26”c--mln. 2>i"c) 

2- He checked the temperatures at the 
same depth, at another time, and 
found: 

In the full sun 

Maximum minimum 22^C 

in light shadow 

Maximum }0^C " 21°C 

In heavy s ha low 

Maximum 26.S°C " 21 


15 

The striking feature of these ob- 
servations Is that the day maxima vary so 
much more widely than the night minima . 

With the exposure and the nat.ure of the 
soil surface as It Is, one would expect 
that during the day the temperature would 
rise strongly, and that at night the cool- 
ing down t-hrough firoportlonal radiation 
would also bring It back to ecpjlll brlum, 
and thus the average temperature would come 
to t-he same thing. This however, does not 
aupear to be the case. In t^ie supplement 
to the handbook of Braak" are also recorded 
a niumber of observallons pertinent in t-hls 
cons 1 derail on; 

The average soil temperature under 
a large shade tree at a depth of 30 cm. 
appeared to be pretty near the same as the 
average air t-emperature . According to ob- 
servations at Tjlbodas (l,4b0 m), this is 
likewise the case under ’’tropical high 
forest," and even near the top of the Pang- 
geranggo, at almost 3 >000 m. elevation. 

The difference Is 1 ns ignlf leant 
between bare ground and soil with grass on 
It. In both cases--as above already re- 
corded--the temperat-ure at 3O-6O cm. aver - 
aged approximately higher than the 

corresponding air temperature. 


Yet the difference becomes still 
much greater under a dark- colored, strongly 
heat -absorbing, surface layer, such as for 
example, asphalt; a scries of observations 
from the Observatory at Batavia showed an 
average temperature at 60 cm. depth to be 
11°C higher than the average air tempera- 
ture. It la generally known that the tem- 
perature in the surface layer of asphalt 
In the full sun can rise to an extraordi- 
nary height, however figures have not been 
obtained of that maximum temperature; they 
must go well above but how far above 

Is not known. 


10. Til. Marr, Medod. Proof at. Java Sulk. Ind. No. 8, Overgen. in Arch. Suiker Ind., I (1911 ), p. 

11. Referred to hy Braak, 1. c ., p. 334. 

1-?. Observ. meteorol. d. Jard. Botan. d. Bultenzorg, 19OI-I909. 

15. Jaarh. Dept. Lb., 1913, p. 74. 

I't- Teotona XIV (1921 ), pp. *t20 mid It25-te6. 
g, -. PP- 512-5i;3. 
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Now asphalt la an artlflcal product, 
and paving with it la the work of man. In 
the absence of artificial conditions, how- 
ever, one also comes across conditions 
which lead to high temperature. For exam- 
ple, the upper surface of dark colored 
stones on which the sun shines, especially 
of boulders in a river bed, are often col- 
ored black with a superficial layer of iron 
and manganese oxides. Unfortunately tem- 
perature observations concerning such have 
never been made. It is true that the geo- 
logical, geomorphological and geographical 
literature is full of communications con- 
cerning the Intense heating of bare rock 
by the sun during the day in the mountains 
and still more of the effects observed in 
the desert, including the cooling off at 
night, and the intensive physical weather- 
ing resulting from this; but In the publi- 
cations I have consulted, temperature re- 
cords corresponding with those phenomena-- 
(such temperatures are Indeed not at all 
easy to measure) are entirely lacking. 

Two phenomena which it Is true, 
have already been long known in Central 
Europe have been gone into for the 
Netherlands Indies by Braak.^*^ 

1. The heating of the deeper soil 
layers from the surface takes t ime , hence 
the maximum shows a lag in proportion to 
the depth (see Table 26): 


Thus the heat moves rather regularly 
downward, so that at 15 cm. depth the maxi- 
mum occurs 6 hours later than at the sur- 
face, and at 30 cm. 12 hours later; there 
is less lag of the minimum at. the lesser 
depths (see Table 26); at 15 cm. depth it 
is found 3*5 hours later, at 30 cm. depth 
7 hours later. At 30 cm. (l foot depth) 
the temperature varies only little, as is 
shown below, though at 15 cm. it is yet 
still noticeable. When we consider the 
significance of soil temperature for plants, 
we shall have to come tack to this point. 

2. The diurnal variation decreases 
very rapidly with the depth . The observa- 
tions of Braak, under the sod at Batavia, 
showed (see Table 27, page 45). 

At 30 cm (l foot) depth in the 
tropics the soil temperature is thus al - 
ready practically constant . At higher lati- 
tudes in the course of the year there are 
greater variations, but here in the tropics 
they are negligibly small. 

This remarkable regularity is only 
disturbed by heavy cool rains, which pene- 
trate quicker into the soil than the dry 
heat exchange takes place. "The temnera- 
ture then falls several degrees within a 
few hours, even to a depth of more than 
1 m., and the lower temperature persists 
in the deepest horizons sometimes for weeks, 
before the temperature gradually increases 


Tabl© 26 

RELATION BSTVEtN MAXIMUM AND MINIMUM SOIL TEMPERATURE AND DEPTH 


Depth 

Entrance 

Maxlamn Temperature 

3 am. 

13 hours (1 P.M.) 

3 cn» 

14 " 2 " 

10 am. 

16.5 " 

X 3 cm. 

19 " 7 

30 cm. 

1 " « 25 hours 

60 cm. 

16 " - 4 o " 


1 hour 
'2.5 hours 
' 2.5 " 

■6 

.15 " : 


Lag 


Entrance 

Minimum Temperature 


Lag 


2 » 0,5 hour per cm. 
5 - 0.5 ” " 


6.5 hours (6.50 A.M. )| 

7 " 7 A.M. 

8 ” 8 A.M. 


0,5 houra: 2 « 0.25 hours per cm. 
1 " : 5 • 0.2 ” ’’ " 


5 - 0.5 

15 “ 0.4 

30 - 0.5 


10 

15.5 " 

4 


10 A.M. 


2 


5.5 


'14.5 


28 hours 


ft 


: 5-0.4 

: 15 - 0.25 ” 

: 30 - 0.5 


16. Schuhert, J., Dae Verhalten d. Bod. g. Warme., Handb. d. Bodenl. VI, p. 342-375. 

17. C. Braak, 1. c ., pp. 5^6-337. 
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Table 


DIURNAL VARIATIONS IN SOIL TEMPERATURE 


Depth 

Annual average 
of the dally 
maximum temperature 

5 cm. 

32.12 

5 " 

31.11 

10 " 

31.09 

15 " 

30.19 

50 " 

29.56 

60 " 

29.55 


to the usual figure. 


* 


The following Is a sununary of the 
soli temperature data for the Netherlands 
Indies ; 

At a depth of 60 cm. the tempera- 
ture Is essentially constant, at 1 m. 
depth It Is certainly so; even annual vari- 
ations are hardly perceptible. At this 
depth the temperature under forest at sea 
level is 25-27^C. With Increasing eleva- 
tion, for each 100 m. It falls about 0.6*^C, 
so that at 1,000 m. It Is p''proxlmately 
20°, at 2,000 m. about l4° and at 5,000 m. 
about 8°C. 

On open terrain (bare ground or 
short grass) the temperature Is about 
3-4°C higher, thus at 60 to 100 cm. depth 
at sea level It Is about 28-51°C. In the 
course of a year the variation Is seldom 
more than 1.5° • The absolute dally vari- 
ation, at 1 m. depth Is not noticeable, 
though toward the surface It Increases 
strongly; at 10 cm. depth Is Is still but 
12 , at 5 cm. slightly above 15° and the 
maximum about 45°, though at times It may 
gat as high as 70 or even 80°. 

Whether with Increasing elevation 
above sea level the temperature gradient 
of -0.6° per 100 m. In general Is main- 
tained for soil temperatures at one ra. 

^opth In the tropics, has as yet been only 
slightly Investigated; for the summit of 
Pangeranggo the rule seems to hold good.j 

IS. Break, 1. c ., pp. 340 - 541 . 

19 . If we do not include Ice in this consideration o 
take it amiss I 


Annual average 
of the dally 
minimum temperature 

Annual average 
of the dally 
difforencee 

26.92 

5.2 

27.06 

5.0 

27.99 

3.1 

28.70 

1.5 

29.28 

0.3 

29.50 

0.05 


For Tjlbodas (1,450 ra.) the difference be- 
tween high forest and open grass land Is 
4 , for the summit of Pangeranggo 3°C. 

As to how the surface temperatures 
are at greater elevations. Is yet unknown. 
Presumably the variations from the average 
are toward the minimum side, greater high 
up In the mountains than below In the plain, 
so that minima below the freezing point 
(night frosts) occur at a lower elevation 
(for example 1,500 m.) than should be ex- 
pected according to the gradient. 

Although for soils at about 1 m. 
and deeper the average temperature lies 
between 9° and 51°, and on the surface be- 
tween perhaps -15° and 80°, yet one may 
assuredly say that for the greatest part 
of the soils of the Netherlands Indies the 
temperature generally remains between 25° 
and 50°C. 


« « « -(f « 


2. THE WATER IN THE SOIL 

Soli water occurs In different 
forms, which may be classified under the 
following heads: 

a. water In cavities and capillaries ; 

b. adlierlng water ; 

c. hygroscoplcally combined water ; 

d. chemically combined water ; 

e. water vapor . 

‘Each of these forms has Its sig- 
nificance, not only In the strictly 

tropical soil conditions, presumably no one will 
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3clentiflc studies of the soil but also In 
practical soil science. We should there- 
fore consider each form separately and 
their mutual relationships. 

a. Whenever anywhere at any par- 
ticular moment one digs a pit and at any 
arbitrary depth observes the soil, it will 
almost always appear moist, perhaps even 
wet; a bit of blotting paper, if pressed 
against the soil, shows wet spots. This 
water exists in the soil in spaces between 
the solid soil particles. The structure 
of the soil is such that there are always 
more or less of the coarser or finer 
spaces, called the capillary spaces . There 
is usually some liquid water In these 
spaces; if not the soil is "dry" (but not 
therefore water free). The spaces are sel- 
dom entirely filled with water, so that the 
soil is "free from air." 

Those cavities or spaces may be 
separate, but also they may communicate 
with each other; if they are connected in 
a long vertical row of very small diameter, 
then one has true capillaries or hair-like 
tubes . But there are also wider tubes. 


-it 


b. In those capillaries and tubes 
water movement can take place. If the 
water runs out from such a tube or capil- 
lary, the walls will still bo wet; in this 
case the remaining water is called adher - 
ing water . This water is of especial sig- 
nificance in coarse sandy soils. 

If the water moves through tubes 
or capillaries, then the speed is the most 
rapid in the center, while towards the 
walls the speed decreases. The actual ad- 
hering water does not flow with the stream. 
From this it follows that the speed, or 
better said, the quantity of water, which 
in a given time flows through the capil- 
laries is not proportional to the diameter 
of the capillary tube, but the speed de- 
creases more rapidly than the diameter de- 
creases. For very small capillaries the 
speed becomes practically zero, that is 
to say, in spite of the fact that capil- 
lary water is still found in the soil, it 
is really only continuous adhering water. 


c. If a soil is "dry" to such an 
extent that both its capillary water and 
its adhering water have disappeared, then 
all the particles still remain surrounded 
by a mantle of absorbed water molecules, 
which cannot be removed with blotting 
]>aper, but which. would evaporate off com- 
pletely in an environment free from water 
molecules. If that environment contains 
air, air particles take its ]jiaco, as oc- 
curs in a dessicator above strong sulfuric 
acid. Soil is thus " water attracting " or 
" absorbent of water vapor " or hygroscopic ; 
and this hygroscopicity is a function de- 
pendent upon the surface. The smaller the 
soil particles, the greater is the surface 
for the same weight of soil, and so much 
the greater is also the hygroscopicity, 
expressed by percentage of weight of water 
per 100 parts by weight of water free soil. 
For sand, that hygroscopicity is small, at 
most 1-2%; but for very fine textured soils 
at least in the Netherlands Indies, It can 
rise to above 20%; in Central Europe, ex- 
cept in peat or humus soils, one seldom 
finds values higher than 8^. 

In air which is only partially 
saturated with water vapor, thus where the 
relative humidity is loss than 100, the 
soil particles give up part of their hygro- 
scopic water, which later they can again 
take up from moist air. 

The free atmosphere never becomes 
so dry that the soil particles lose all 
their hygroscopic moisture; to effect this 
artificial means are necessary, such as 
heating to above 100^ in a vacuum over 
PeOb* Only in this way can one obtain dry 
soil, the "dry matter" of the soil. 

d. Many Netherlands Indies soils, 
yes practically all, upon igniting give off 
additional water; that is the " chemically 
combined water , " which in juvenile soils 

is but a few percent, but in old, weathered 
out soils can amount to l4% and more of the 
dry matter. In questions of water relation 
ships and the soil climate the combined 
water, because it changes only during a 
very long time, plays no role of conse- 
quence. In a short period the combined 
water is constant, and is to be considered 
as a constituent of the solid soil parti- 
cles . 

e. In conclusion, let me add just 
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one more word about the spaces In the 
3 oil"-when these spaces are empty, and air 
is found in them: As lorig as there is ad- 
hering water on the walls, the air will 
then saturate itself with water vapor ; the 
soil dries out. But if the soil itself is 
more than dry, that is to say, if the ab- 
sorbed moisture is loss than the total 
hygroscopicity, and if moist air moves 
into the cavities, then this air will be 
able to deposit moisture on the walls and 
the soil thus becomes rnolster, although of 
course not wet. Wc shall come back again 
to the question of water vapor movement In 
the soil.; here it is sufficient to point 
out that in the soil, movement of water 
can take place not only in the liquid, but 
also in the gaseous state. 

Although qualitatively the above 
descriptions might be considered adequate 
for the moment , --there should be added 
immediately to them the fact that quanti - 
tatively changes in all the five forms of 
water are continually taking place in the 
soil. 3o the status quo of the soil water 
is very uncertain and at any moment is de- 
pendent upon the nature and upon the condi- 
tion of the soil itself, as well as upon 
the addition and removal of soil moisture, 

In this connection, under "nature 
and condition of the soil" let it bo under- 
stood that the complex of characteristics 
which determines the behavior of the soil, 
with respect to water and water movements, 
Include: structure, pore space, water ca- 
pacity, perviousness, thus the existence 
of coarser tubes and finer capillaries; 
hygroscopicity, plasticity, tendency to 
shrink and crack, etc. All these charac- 
teristics are related most closely to the 
nature and the size of the separate soil 
particles, the mutual quantitative rela - 
tions of these particles, and of what they 
are composed and how built up . 

Hence it is that almost every soil 
research begins with the investigation of 
I'he size and the nature of the separate 
3011 "grains." 3uch a study, since it is 
carried out by means of mechanical and hy- 
firaulic methods and means is most always 
called a "mechanical analysis" or "silt 
analysis," but since the determination of 
the particles, the grains or granules is 
issue, It should perhaps more accurate- 
ly be called a "granule analysis." 

As to the execution and the 
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results of the granule analyses of tin? 
soils of the Netherlands Indies tiiey will 
be repeatedly referred to in other plceres 
in this work; here the subject wilJ be 
gone into only just so far as not to lose 
sight of the soil water as a factor in the 
soil climate. In the same way the other 
summarized physical characteristics will 
not be dealt wl tii here In ex tense ; it Is 
enough to recall that tiic "granular compo- 
sition" dep.ends directly upon the 3 true - 
turn of the soil, that is to say, the 
structural possibilities, structural ex- 
tremes, structural limits. Witiiin tiiat 
the structure Is however also dependent 
upon all sorts of other kinds of factors, 
such as the nature of the particles, mln- 
eralogically considered; their form, and 
tiio way they settle. Those two main fac- 
tors: granular composition and structure, 
together determine the pore space which is 
filled with water and air, the water ca- 
pacity in their two forms of capillaries, 
as well as in the wider tubes. The hygro- 
scopicity, theoretically only a function 
of magnitude, or rather the minuteness 
(consequently the surface) of the soil 
grains, and likely also In addition, de- 
pending upon the form and composition of 
these particles, yet appears in fTactice 
to be also dependent upon the structure, 
the tilth, of the soil; while the plas- 
ticity, the charactorist ics where the 
swelling, shrinking, cracking and working 
of tiie soil are so closely interdependent, 
presumably depends more especially upon 
the nature of the smallest soil particles, 
than upon their size and size ratios. 

In brief- -the nimiber is legion of 
the characteristics of a soil, character- 
istics which have an influence upon the 
moisture content in its different forms, 
and on the changes in that content. 


> * * ★ 


Except through Internal shirtings, 
--if one might express It that, way--Uio 
water content of a soil changes tiirougli 
additions and subtrac ti ons . Trie different 
ways in which these two ] lionomena can occur, 
may be expressed in the general synopsis 
below: 
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(8) 


Fig. 5 


A single glance at this diagram 
gives Immediately the Impression that 
the water relationships In the soil are 
more complicated than they are usually 
represented. This Is especially so, if 
we mentally associate with this diagram 
what has been stated In the preceding 
pages about the nature and condition of 
the soil; we can see that this diagram 
Is somewhat too schematic and too simple. 
It Is too simple to enable us to use the 
figures for the mean annual rainfall, 
even though combined with the mean annual 
temperature of the atmosphere, to draw 
conclusions regarding the water relation- 
ships or the soli climate, whether It 
concerns the moisture at any definite 
point, or of a whole region. Yet we 
have seen this attempted, not only In 
connection with practical considerations 
but also In soil science. 

In this connection we might men- 
tion, for example, the so-called "rain- 
factor." of Lang^° which is the quotient 

p 

- , wherein R ^ total annual rainfall, 

and t = the average temperature during 
the year. It Is clear that this Is a 
purely climatological value, determined 
with Instruments In the atmosphere, with- 
out any connection with the soil. Yet 
Lang uses this factor under certain con- 
ditions for soil classification. Thus 
according to Lang where "otherwise optimal 


soil forming conditions''^^ prevail with 
rain factors 

above l60 there are formed ''Raw humus soils" 


from 160-100 " 

11 

” 

"Black earths" 

100-60 

" 

" 

"Brown earths" 

60-40 

It 


"Yellow earths", 
"red earths", and 
"laterltee" 

below 40 " 

It 

• " 

"soils of arid 


climates" 


But If the soli forming conditions 
are, however, In some feature not complete- 
ly optimal, then according to Lang quite 
different soli types can develop, but In 
each case only Inferior, never superior 
ones. It Is as If such soil types had a 
higher R or a lower t; In other words in 
the above short table. In going from above 
downwards one passes from less valuable to 
more valuable soil types. Thus "nothing 
Is to be expected" of the soils In all 
places with a RF (rain factor) greater 
than 200; to this group belong all areas 
in the Netherlands Indies which, with a 
temperature of 20° to 25^ > have an annual 
rainfall above 4,000 or b^OOO mm! What- 
ever may be the value of Langes rain fac- 
tor for other places. It Is evidently quite 
useless for the true tropics. If we add 
that In the Netherlands Indies a number of 
areas with "redearths" and "yellowearths " 
are to be pointed out where rain factors 
vary from about (Asembagoes, East Java) 


20. R. Lang, Vers. e. ©xacten KLasBlf. d. Bbden In ELlmat. u. geol. Hlns., Int. Mitt. Bodenk. 2 (1915); 
p. 312. 

21. Cf.: Handbuch der Bodenlehre III, p. 8. 
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to above 400 (on the slopes of the Slamat 
and in the Preanger), while "blackearths " 
occur in places with rain factors varying 
from 30 (near Walngapoe on Soemba) to 90 
(Modjo, Soerakarta), it is obvious that 
Lang’s rain factor is of no significance at 
all for the Netherlands Indies . Others 
also, among them Stremme,'^" are opposed to 
the system Lang established. 

Alfred Meyer proposed^^ a quite 
N 

different system: the quotient - , where 

N = the precipitation, and 3 = the satura- 
tion deficit. This is also a meteorologi- 
cal quantity or if one wishes, a climatic 
factor, but in any case quite Independent 
of all soil characteristics. And this is 
the main objection which from our point of 
view can be raised against all such sys- 
tems. But, if we can start out from the 
soil Itself, and can then correlate soil 
characteristics with certain climatic con- 
ditions, then of course the relationships 
would be entirely different. 




In any case we should begin by 
turning back to the schematic diagram shown 
above of the soil and the additions and 
subtractions of water, and let us consider 
In detail some of these water movements 
as they occur in Netherlands Indies soils: 

1. The amount of water that soaks 
into the soil depends, in the first place, 
upon the quantity of precipitation, which 
In the Netherlands Indies consists of rain 
and dew.^"^ The latter is often observed 
in the topics but nothing is to be found 
In the literature concerning the actual 


amounts. In temperate regions maxima 
of about 0.2 mm. dew falling per hour occur. 
For the tropics the maxima will certainly 
not be less; for during a cloudless night 
of approximately 12 hours maxima of more 
than 2 mm. dew per night have been observed. 
If there are but 100 days in the year with 
the formation of this amount of dew, then 
for the year this amounts to the Important 
quantity of 200 mm. We naturally hope that 
within a short time we shall be able to 
show actual figures Instead of such approxi- 
mations as these. The order of magnitude 
of the estimates certainly ought to moti- 
vate experimental investigations, especi- 
ally since Braak^^ clearly speaks of "the 
heavy dew formation in the tropics." 

As to what extent the dew forming 
on the surface of the ground penetrates 
the soil, there are no data. 

On the other hand the data relat- 
ing to rainfall are very numerous, particu- 
larly because regular measurements can be 
made so readily with the different forms 
of rain gauges. 


♦ # * # # 


Rainfall in the Netherlands Indies 

Since in the Netherlands Indies 
the rainfall varies so widely, from place 
to place, within short distances, the 
necessity was early seen of establishing 
a very close net of rainfall observation 
stations both in order to satisfy the 
needs of science and in order to meet 
practical requirements. Regarding rain- 
fall a number of publications^® have been 
issued by the Royal Magnetic and Meteoro- 
logical Observatory and one might say 


22. H. Stremme, Zur KenntnlB d. Bodentypen, Geol. Rdsch., J_ (1917 )> ?• 530- 

23 . Alfr. Meyer, Uebor e. Zue. zw. KLima u. Boden in Europa, Chem. d. Erde, £ ( 1926 ), p. 209. Cf . : 
Handbuch der Bodenlehre III, p. 10. 

2J|. We suppose, we can never hope to find snow elsewhere than on highest peaks of New Guinea; so that It 
can here remain out of consideration. Hall occurs more often, compare Braak Het ELlmaat 7 . Ned.- 
Indlb’-Batavla 192^, I, p. 442-li49. Quantitatively the hall is recorded with the rain. 

25 . Braak, 1 . c. , p. 394. 

26. Handbuch der Bodenlehre III, p. 208-220. 

2(. Braak, 1. c ., p. 394. 

2B. Rogenwaarn. in Ned. -Indie., ^ ( 1879 — bo date). Idem : Maandgemiddelden; Java en Mad., (l922 — to date), 
Buitengew, ( 1920 — to date). Idem : Jaargemlddelden over langere tljdvakken. Observations, made at 
Royal Magnetic and Meteorological Observatory, ][ ( 1866 — to date). Observations, made at secondary 
stations on N. E. I., ^ ( 19 II — bo date). 
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that there are few lands in the world 
where there are available such extensive 
and well-arranged rainfall statistics. 

Prom those statistics I propose to Include 
here what Is useful for our purpose: 

a. The average total annual rain- 
fall records are made up from observations, 
which running to and through 1928 cover a 
period of time from at least 5 years for 
some stations to as much as 50 years for 
a few stations. The annual average rain- 
fall varies between about 0.9 m. (Paloe, 
Celebes) and about 7 ni. (Tombo, Central 
Java) . The records for some of the sta- 
tions during some years fall outside these 
limits; annual totals as low as 400 mm. 
and as high as about 8,000 mm. have been 
recorded. Meanwhile when grouping the 
publlshed^'^ annual figures of more than 
3^300 stations it appears that the values 
approximating the extremes mentioned sel- 
dom occur (see Table 28). 

From this Table 28 It appears that 
by far the greatest number (91^) of the 
annual figures fall between 1 and 4 m. of 
rainfall and almost a half ( 4 b^) between 
2 and 3 of rain. The several great 
regions of the Archipelago, however, 


Table 28 


AVERAGE ANNUAL RAINFALL IN THE 
NETHERLANDS EAST INDIES 


Average annual 

0 

1 

1-2 

2-3 

3-4 

4-5 

5-6 

above 

rainfall 







6 



Meters per year 


No. of statlone 

20 

858 

1494 

667 

210 

55 

10 

No. In ^ of the 








whole 

1 

26 


20 


1, 

- o-P 


diverge considerably In this respect (see 
Table 29 ) • 

Prom this Table 29 It can be con- 
cluded that Java as a whole has just as 
high an annual rainfall as Is the average 
for the whole Archipelago: that the Islands 
of Sumatra, Banka, Billiton, Borneo, the 
Molukkas and New Guinea which lie more 
nearly on the equator, on the average re- 
ceive more, while Celebes and especially 
the smaller Soenda Islands, and all Islands 
lying farther east, receive materially less. 
If we divide Java in two, then the rainfall 
of Western Java Is of about the same magni- 
tude as the Islands of high rainfall, while 
Eastern Java with a lower rainfall is more 


Table 29 

AVERAGE ANNUAL RAINFALL IN REPRESENTATIVE REGIONS OF 
THE NETHERLANDS EAST INDIES 


Parte of the 


Archipelago 


Percentage of the rainfall stations 


with an annual average of — 



0-1 

m. 

1-2 

m. 

2-5 

m. 

5-4 

m. 

4-5 

m. 

5-6 

m. 

more than 
6 m. 

Banka and Billiton 

— 

4 

75 

25 

~~~ 



Borneo. 

— 

6.5 

52 

38.5 

5 





Sumatra 

— 

17 

42.5 

29 

9 

2.5 


Molukkas and N. Guinea.. 


18 

64 

15 

1.5 

1.5 


Java 

— 

27 

46 

19 

7 

1 



Celebes 

2.5 

55 

51 

12 

1.5 




Smaller Soenda Islands, 
Timor and others 

21^ 

i4 

15 

1.5 


. 

West Java. 

— 

10 

59 

3 ) 1.5 

15 

2 

: 1 

East Java 

— 

J 8 

‘t9.5 

10 

2.5 




Total for the Nether- 








lands Indies 

1 

26 

45 

20 

6.5 

1 

o.% 


29. J. Boerema, Regenval in Ned. -Indie, Verb. Kbn. Magn. Meteor. Obs. Batavia No. 24 (1931). 
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like Celebes and the Smaller Soenda 
Islands . 

All this Is however very general 
and states very little about the soil cli- 
mate. Boorema's treatise^'^ can shed more 
light on this. Prom this work we can see 
how the rain falls, how it Is distributed 
through the year, that is, in some places 
it is divided regularly, some falling In 
each month, while in others all the rain 
is concentrated within a few months while 
the rest of the year receives practically 
nothing. A number of examples can show 
this better than can a description (see 
Table 50 ) : 


2 . While it is easy to measure the 
rainfall with a rain gauge, it is very 
troublesome bo go further into the questions 
as to what becomes of the water; how much of 
it runs off over the surface. It is extra- 
ordinarily difficult to measure the evapora- 
tion from a soil surface by direct measure- 
ments. The quantity depends upon a number 
ol’ factors, differing from place to place, 
and in time from hour to hour, from minute 
to minute. It does not seem advisable to 
go into the matter of evaporation In too 
much de'tail. The question really is: what 
is the average evaporation of a tract not 
measured by sq. cm. but by hectares or sq. 


Table 30 

VARIATIONS IN RAINFALL DISTRIBUTION IN RFPRESENTATIVF REGIONS 
OF THE NETHERLANDS EAST INDIES 


Place 

Average 

Anniuil 

Rainfall 

Lowest 

Average 
Figure 
for a Month 

Windesl (New Guinea). 

35B2 mm. 

259 mm. 

Fakfak (New Guinea) 

31^5 

202 

Llroeng (Celebes) ; 

2817 

187 

Sorong (New Guinea) 

2762 

165 

Bojan Poelau Boeloe (Rlouw).... 

239B 

lf)0 

Ballkpapan (Borneo) 

2176 

133 

Boewool (Celebes) 

1989 

120 

Batoepanggal (Borneo) 

19^9 

111 

Kalosel (Celebes) 

1700 

100 

Kotaradja (Atjeh) 

1638 

91 


Place 

Average 

Annual 

Rainfall 

Average 

Number 

of months 
under 69 mra. 

Band Jar an (Moer 1 ah ) 

3 A 22 

1 + 

Makassar (Celebes) 

2850 

A 

Soenggominassa (Celebes) 

25 b 2 

5 

Kajoemas (East Java) 

2526 

9 

Badjawa (Flores) 

2176 

9 

Sf. Soekoredjo (Pasoeroean) . . . . 

209!^ 

6 

Wldai'apa Joeng (Bosoekl) 

1501 

7 

Soe (Timor) 

IA90 

6 

Koepang (Timor) 

II1A3 

'( 

Reo (Flores) 

1507 

8 


If one compares the left and right 
halves of this Table 30 , there will be 
found corresponding annual rainfall fig- 
ures, and yet--what differences! On New 
Guinea at Windesl no month has less than 
239 mm. so it is always wet there; and on 
the N. W. slope of the Moeriah (Bandjaran) 
the annual fall is still higher, but there 
is a dry season of at least 4 months, dur- 
ing which the soil can thoroughly dry out. 
As to why the left hand column of Table 30 
ceases with a minimum of about 90 to 100 
Mil*, and in the right hand column are 
counted the months under 6 s mm., deserves 
closer elucidation. Both are related to 
the water economy in the soil; further on 
will discuss them in more detail. 
***•»»* 


km.; and likewise not from hour to hour, 
but per day, per m.onth, or per year. As- 
suming that the evar oration is proportion- 
ate to the (horizontal) evaporating surface, 
(which applies to water surfaces and flat 
land, but does not apiply when one has to 
do with rough broken land and steep slopes), 
--it suffices to express the evaporation in 
only one dimension, the vertical; hence it 
is stated in mm. depth of water, as in the 
case of rainfall. 

Meteorological and climatological 
stations consider evaporation exclusively 
as an atmospheric phenomenon; and they 
measure it with conventional fixed evay'ora- 
tion meters, which are fiat open vessels, 
usually of brass; the evaporating surface 
is pure water, of a temperature approxi- 
mately that of the atmosphere. Thus, for 


J. Boerema, Typon van den regenval in Ned. -Indie. Verb. Kon. Magn. Meteor. Obs, Batavia, No. l 8 . 
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example, the following figures (Table 31 ) 
have been determined: ^ 

These annual figures lie between 
about 300 and 1,300 mm. of evaporation. 

For the various months of the year, especi- 
ally Ih the eastern corner of Java, these 
values may strongly diverge, as shown In 
Table 32 . 

The official evaporation meters 
thus give monthly figures lying approxi- 
mately between 30 and I30 mm. 

Prom the water reservoir of Wadoek 


Soembersono at Lengkong (Kedlrl) an evapora- 
tion, as measured by the Irrigation Service, 
for the years 191^-1923 averaged 4.9 mm. per 
day (about 1,690 mm. per year). The lowest 
dally figure Is 3-8 mm. for February (that 
Is ll 4 mm. for the month); the highest dally 
rate 9.9 mm. was In September (or I69 mm. 
for the month) . This shows clearly the In- 
fluence of the dryness of the air during 
the east monsoon. These figures are of the 
same order of magnitude as those of the 
Wild evaporlmeters, etc., of the 


Table 3I 

EVAPORATION OF WATER IN JAVA 


Places In Java 

Evaporation 

Annual Average 
per Day: 

Average per Year: 
(Previous column x 369) 


mm. 

mm. 

Batavia 

1.5 

550 

Bultenzorg 

2.5 

910 

Pat Jet (growing garden)..,. 

0.9 

330 

" (open meadow) 

1.6 

580 

Kawa TJlwldeul 

1.4 

510 

Bandoeng 

2.8 

1020 

Pekalongan 

1.7 

690 

Soerabala 

5.2 

1170 

Paeoeroean 

5.6 

1310 

Tgearl. 

2.0 

750 

DJ ember 

5.1 

1130 


Table 32 


VARIATIONS IN EVAPORATION IN DIFFERENT PARTS OF JAVA 



Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

— 

Oct. 

Nov. 

Dec. 

Batavia 

Western Java 

56 

36 

38 

38 

39 

40 

48 

97 

60 

97 

48 

45 

Soerabala 

Eastern Java 

61 

60 

61 

66 

80 

85 

102 

139 

156 

144 

120 

69 


31. C. Braak, KLlmaat v. Ned. -Indie, I, No. 6 , (Batavia, 1924 ), p. 385. 
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meteorological stations; and In general 
agreement with the following data from 
other countries 

Annual evaporation from a pond at Madras, 
India (very hot and dry.’) 2,300 mm. 

Annual evaporation from a water reservoir 
at Bombay, India (hot and dry!) 1,930 im 
Annual evaporation from lakes (which ones 
are not stated) 1,600 mm. 

Annual evaporation from a water reservoir 
in SW Afrlca'^'^ (very dry!) 2,200 mm. 

Now what will the evaporation from 
the soil be ? There is the a priori tenden- 
cy to suppose that the evaporation from a 
soil surface which is not submerged will 
be less than that from an open water sur- 
face. And in fact, as soon as a soaking 
wet soil surface, begins to dry off, the 
evaporation decreases more and more.'^'^ 

But under certain conditions, such as 
bright sunshine after much rain, --at the 
outset though perhaps only for a very short 
p0riod--the evaporation from a soil surface 
can be noticeably greater than from a cor- 
responding water surface. And then, as 
already indicated above, besides a number 
of other factors the vegetation should be 
reckoned with. The vegetation affects 
evaporation In two ways: on one hand a 
part of the rainfall, remaining hanging on 
the leaves and branches, evaporates before 
It reaches the ground; and on the other 
hand a more or less Important portion of 
the moisture Is taken up out of the soil 
and evaporates through the leaves (trans- 
['iratlon) . It is thus very difficult to 
find an adequate basis for comparisons and 
so for the conclusions resulting from them. 
Consequently we will consider different 
methods of approach to the question and 
note certain facts. 

At Bultenzorg^ " observations were 
made during 190? and the following years, 
using cylinders about 0.5 m. high and 0.5 
m. In diameter filled with soil, wherein 
the evaporation was indirectly determined 
through the direct measurement of the 


rainfall, the run-off from the surface, 
and the percolation: V - R (a + d) . 
Evaporation Rainfall - (Runoff + Perco- 
late). As a result of these measurements 
it appeared that from an annual rainfall 
of approximately 4,200 mm. at Bultenzorg 
about 1,100 mm. ran off from the surface 
of the bare soil, almost 1,900 mm. soaked 
into the soil and percolated down through, 
so that about 1,200 mm. evaporated. 

One is Instantly struck by the 
fact that this figure of 1,200 mm. is of 
the same order of magnitude as those values 
met with in the above recorded series of 
observations on water surfaces. Should 
soil and water differ so little in this 
respect ? 

A Wild evaporlmeter--not mounted 
in the way desired by the meteorologists, 
in the shade In or under the meteorologi- 
cal shelter, but placed close beside the 
soil cylinders, exposed to the wind and 
sunshine and only shielded against the 
rain, --gave quite different values. Ar- 
ranged according to the evaporation fig- 
ures, some of the results are found in 
Table 33 below (see page 54). 


4 * * * * 


The freely exposed evaporlmeter 
certainly did show a notably higher evapo- 
ration rate than the official instrument 
which was Installed in the shade under the 
shelter; the exposed evaporlmeter also gave 
much higher figures than did the soil cyl- 
inders. Yet four months of highest evapo- 
ration from the soil when the soil was wet- 
test closely followed the evaporation from 
the free water surface (92-97!^ of the lat- 
ter); these were exactly the months with 
the highest number of rainy days: 17 to 21: 
the rest of the months had but 7 to l4 . 

It is to be noted how the evapora - 
tion Increases with the rainfall . That may 
seem strange at first sight, but it must be 
remembered: --that Ist, in order to be able 


52. V. Harm, J., Lehrb. d. Meteorol. 5e dr., p. 2l8. Ref. in Break, 1. c ., p. 391. 

55« F, Hemnarm, Die waBserwirtsch. Grundl. d. Subtropen, m. besond. Beriickslcht. S. W. Afrlkas, 
Troponpfl., J? (l9J2), p. 196. 

5^- E. C. J, Mohr, Ueber Vordunetung v. Waseer-u. Bodenoberfl . , Bull. d. Dept. d'Agr. Bultenzorg., No. 

(1909), P. 1-12. 

55. E. c. J. Mohr, Kl. bljdr. t. baoord. v/h waterhulsh. vraagat., Tayamannla, 20 (1909), p. I5I-I66. 
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Table 55 

WATER EVAPORATION FROM AN EVAPORIMETER AND PROM SOIL 


Year 

1908 

Month 

Rainfall 

R 

in nm. 

Evaporation: 

VM 

of tlie evaporimebor 

Vb 

of the soil 

Vb 

In of Vm 

Vb 

in ^ of R 

' Oct. 

625 

151 rnm. 

159 inm. 

92 It 

22 <jl> 

Jan. 

528 

l 4 l 

136 

97 

26 

April 

576 

140 

134 

96 

24 

< Feh. 

375 

108 

105 

95 

28 

Mar. 

189 

147 

102 

69 

54 

Dec. 

242 

149 

95 

64 

59 

^Nov. 

571 

121 

94 

78 

25 

Aug. 

272 

147 1 

92 

65 

54 

May 

242 

145 i 

91 

65 

58 

July 

261 

155 ' 

86 

64 

55 

June 

392 

145 

85 

59 

22 

Sept. 

135 

152 

81 

55 

60 

Total 

4205 iiim* 

1681 ram. 

1258 ram. 

avo. 74 

ave. 29 'jl> 


to evaporate, water must be present; In 
the comparatively dry month of September, 
there also stands next to a maximum Vm of 
l^j2 mil., a minimum Vb of 8l mm., because 
for days the soil remained dry and there 
was no moisture to evaporate. And 2nd**- 
heavy rains generally follow bright morn- 
ings, so that whenever water is still • 
present from the previous day, it also 
easily evaporates. 

From the observations above-men- 
toned (Table 55) ^ --supplemented by similar 
observations of a half year preceding and 
several subsequent years, it appears that 
the relations drawn in the rough for the 
conditions of the experiment hold good; 
after graphing the data it was possible to 
deduce that the evaporation can be repre- 
sented very approximately as a linear func- 
tion of the rainfall: 

V - C.+ f-R 

in which the constant C comes to about 
60 and the factor f to about l/8th. This 
of course applies only to the observations 
from the Buitenzorg experiment, that is, 
for the cylinders of the above recorded 
measurements and for the Buitenzorg soil 
( = brownish yellow, very pervious 


lixivium); to generalize from such results 
is hardly permissible, but It is obviously 
not easy to decide how values may be ob- 
tained that are suitable for even a limited 
portion of the Buitenzorg landscape. But 
what is one to do if there are no data re- 
lating to such a region? Then the only 
possible thing to do, under explicit prem- 
ises of the speculative nature and uncer- 
tainty of the conclusions, is to try to 
work out something. 

According to the above formula 
then, the Buitenzorg terrain has a climate 
with a rainfall of about 68 mm. per month. 
The evaporation is of about the same magni- 
tude as the rainfall. If the rainfall is 
less than 68--3ay 60 to 6b mm., then the 
point is reached at which the runoff and 
percolating water both become practically 
zero, and all the rainwater again evaporate 
But if the rainfall is greater than 68, a 
surplus can penetrate into the soil, and 
during heavy showers a portion runs off 
over the surface. 

But whether this estimate will also 
apply to other places and kinds of soils, 
is again a pertinent question. In cases 
where there is vegetation, which intercepts 
a part of the rain by its foliage, so that 
it never reaches the soil, and also 
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withdraws considerable water from the soil, 
which is transpired. Thus water may not 
penetrate deep into the soil and the figure 
of 68 mm certainly will have to be raised. 
Moreover, Bultzenborg has a relatively 
moist climate; in drier localities even in 
the rainy season, one would not expect that 
there would often be a month like that of 
June 1908 when of :592 mm. of rain only 85 
mm. evaporated. Therefore --as long as no 
experimental data are avallable--for safe- 
ty’s sake it appears desirable to increase 
the limit to 90 to 100 mm. of water evapo- 
rated per month. We may assume with rea- 
sonable certainty that any surplus rainfall 
over this amount soaks down into the soil. 

We thus come to the certainly not 
unreasonable, but yet Inadequately estab- 
lished supposition, that with R (rainfall) 
less than 60 to 69 mm. per month in the 
tropics a climate may be called a dry 
( arid ) one, while with R more than 90 to 
100 mm. the climate may be called wet 
( humid ) . 

This is why in Table 30 on page 
91 in the left hand side examples were 
chosen, where for all the months the rain- 
fall remains above 100 mm. and only in one 
case as low as 90 mm.; on the contrary in 
the right hand side are examples with ap- 
proximately the same annual rainfall, but 
at the same time with at least four months 
of less than 65 mm. rain. In the locali- 
ties on the left then, it may be accepted 
that during the whole year the downward 
movement of water takes place, while in 
the localities on the right, during a num- 
ber of months water movement pauses or 
even reverses and soil moisture moves up- 
ward. 


* * 


If we compare this result with 
what others have said about the question, 
then it appears that on some points there 
I3 a close agreement. It is true that 
those who drew up classifications of cli- 
mate were geographers or climatologists. 


so that they have established their boun- 
daries in accordance with the vegetation 
and the rivers rather than with the soil. 

But even when considering the tropics, 
their results are worthy of mention. 

In 1910 A. Penck"^^’ differentiated 
humid and arid climates according to the 
runoff of the rivers. If these flow regu- 
larly, then the climate of the drainage 
basin was considered to be humid; If not, 
then the basin was believed to be periodi- 
cally or constantly arid. For the rainfall 
boundary, at which the rivers cease to flow, 
Penck assumed about 1,100 mm. per year for 
Central America. In the Netherlands Indies 
however annual figures are unsatisfactory. 

For the equatorial climate without 
a dry period, E. de Martonne^^ believed an 
annual rainfall of at least 1,900 mm. to be 
necessary. Months with less rain in mm. 
than double the temperature in °C, he calls 
"practically dry"; for a "desert climate" 
at least 8 such months were held necessary. 
For places in the Netherlands Indies with a 
temperature of 25 to 27^^C this would mean a 
limit of 50 to 54 mm. rainfall per month. 

Kbppen^^ has worked out other rela- 
tionships. Although he had formerly (1901) 
placed at least 2 months of "dry period" 
with less than 6 rainy days per month as a 
limit between "always moist rain forest cli- 
mate" and "savanna cllmate"--a limit, under 
which all central and East Java would fall 
into the savanna climate; --later (1918) he 
arrived at the following position: 

Tropical rain climates (a) 

have with an average annual temperature 
of about 25^C to about 20^C--an average 
annual rainfall of at least 700 mm.- 
600 mm. 

They are further to be divided into: 

(^): continuously moist; having even in 
the least rainy months at least 60 mm. 
rain. 

(^) : monsoon rain climates, with moderate 
dry periods. 

(As) and (^) (^): periodically dry 

savanna cllmat.es, with an annual 


36. A. Penck, Vers. e. KLlmaklaBelflc. a. physlogeo.?’. Gr^ondl., Sltz. ber. Pr. Acad. Wlss., Phys. Math. 

Kl. (1910), p. 236-246. Ref. in Handbuch der Bodenleiire II, p. 28-29. 

37. E. de Martonne, Traits de Geographle physique (Paris, I909), p. 205-225. 

3B. W. Koppen, Klasslflc. d. Kllmate n. Temp. Nlederschlag u. Jahres lauf., Pet. Mitt. (l9l6), p. 197-203* 
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rainfall of 2 , 500 -- 2 , 000 --l, 500 -- 
1,000 mm. 

the month poorest in rain has at the 
most 0--20--40--60 mm. 

Dry climates (b) are subdivided into : 

(BS) steppe climates, having-- 

with an average annual temperature of 
25°C, 20°C, 15°C, 10°C. 
an annual rainfall smaller than 700 -- 
6 OO-- 5 OO-- 40 O mm. 

(BW) desert climate, with rainfall maxima 
equal to half that of the steppe maxima. 

(BW) does not occur In the Netherlands 
Indies; for there are no annual rainfall 
figures under 550 mm. Even (bs) occurs 
very seldom (Paloe, Celebes, has 546 mm. 
as the 20 year average). Koppen differ- 
entiated (As) and (Aw), according to 
whether the dryness falls in the summer 
( 3 ) or in the winter (w). For the Nether- 
lands Indies, if considering the soil, 

(As) and (aw) had better be combined under 
(Ad). 

If this subdivision is applied to 
the Indies, then all three (Af), (Am) and 
(Ad) are found extensively, but (Af) oc- 
cupies by far the greatest portion. It 
may be noted that Koppen also arrives at 
the limit of 60 mm. for (Af); below that 
he considers a month "dry." Even so, from 
the pedological standpoint the Koppen sys- 
tem is not satisfactory because the soil 
is not considered one of the important cri- 
teria for the subdivision: instead it is 
the rain gauge, with, in addition, a glance 
at the character of the flora. In this 
book, we will not Ignore the connection be- 
tween the soil and the flora; far from Itl 
But we also know that plants, at least very 
many kinds, exhibit a very great adaptive 
power, so that great care must be used when 
determining the limits of the flora on the 
soil. Moreover a disadvantage of the 
Koppen system is that it divides what really 
do not lie far apart, and joins together, 
groups which actually strongly differ. 

On the supposition that the inten- 
tion of Koppen was that the criterlum for 
(Ad) against (Am), given above, may be 
drawn in a graph as a slanting straight ' 


line of to , the 4 following 

Netherlands Indian rainfall stations get 
the following Koppen designations for 
their climate'^^ (see Table 34, page 57 ). 

All four stations exhibit 4-rnonth 
averages each under 100 mm. and 8 months 
between 100 and 200 mm. It is true there 
are differences but they are small, the 
general character being similar. The 
vegetation will certainly not react to 
those small differences; yet Slngkarah 
comes under the continuously moist rain 
forest dlimate. That is unsatisfactory. 

If we now compare three sets of 
three stations each, each falling under 
one climatic group (see Table 35 > page 57 ), 
then only with difficulty could one main- 
tain that each of these three groups has a 
single character, exhibits one floral type, 
and has one and the same Influence upon 
the soil. Not only that within each group 
the annual figures differ very greatly 
but according to de Martonne (see above) 
Gorontalo has one equally dry month; Laran- 
toeka however has six, and Takalar, in 
spite of a much higher total, still has 
five! For the soil this statement cer- 
tainly has its significance. 

The three places under the (Af) 
climate also differ markedly; Slngkarah 
has not a single month above I 76 mm., 

Bojan not a single one below I 50 and not 
one above 256 , while Indaroeng has not one 
under 349 mm. Although one might now say 
that the soil at all of those three places 
is kept continuously wet yet certainly at 
Indaroeng the runoff, and the erosion, for 
example, will have a much more violent 
character than at Slngkarah. 

In short -- Koppen * 3 system does not 
suffice for the Indies , and it Is certainly 
desirable to search for a better one to 
replace it. 

Let us start with the question: hov 
can one use rainfall figures to determine 
the possible occurrence and intensity of a 
dry period in the soil? The answer must 
agree as closely as possible with reality 
and also be one which can be carried out 
in practice. Therefore, after various 
attempts, which yielded less satisfactory 
results, it has been decided to start out, 


59* Rainfall figures taken from Boerema, Verb. Kbn. Magn. Meteor. Obs. No. ^ ( 193 I). That the choice 
has been made of stations from the other islands and not from Java, is entirely arbitrary. Farthm* 
on use enough will be made of the observation on Java. 
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Table 3 ^^ 


KOPPEN VAIIJES FOR NETHERLANDS EAST INDIES STATIONS 


No. of the 

station 

Place 

47 a 

Slngkarah 

(Sumatra) 

563 

Donggala 

(Celebes) 

354 

Llmboto 

(Celebes) 

352 

Gorontalo 

(Celebes) 

January 

176 

193 

145 

i 112 

February 

gk 

155 

112 

122 

March 

150 

r>8 

127 

111 

April 

156 

107 

143 

126 

May 

102 

100 

159 

109 

Juno 

67 

128 

105 

115 

July 

64 

96 

78 

91 

August 

91 

87 

58 

75 

September 

116 

69 

49 

46 

October 

143 

59 

70 

65 

November 

125 

111 

l 4 l 

108 

December 

176 

l 4 l 

154 

135 

Year 

1440 

1404 

1321 

1213 

Koppen Climatic 
Classification 

A.f. 

A.m. 

A.m. 

A.d. 


Table 35 


No. of the 










station 

352 

468 

426 

362 

331 

425 

47a 

164 

^3 

Place 

Gorontalo 

Larantoeka 

Takalar 

Tinombo 

Tali see 

Llmboeng 

Slngkarah 

Bojan P. Bo- 

Indaroeng 


Col. 

Flores 

Cel. 

Cel. 

Cel. 

Cel. 

Sum. W, E. 

eloe, Rlouw 

Sum. W. K. 

Jaiiuary 

112 

2 k 9 

574 

56 

421 

678 

176 

232 

508 

February 

122 

2 kl 

360 

63 

296 

408 

94 

152 

582 

March 

111 

187 

3 o 4 

95 

308 

288 

130 

175 

1 541 

April 

126 

102 

98 

158 

225 

102 

156 

241 

548 

May 

109 

51 

86 

182 

158 

67 

102 

210 

473 

June 

115 

24 

36 

l 4 l 

114 

44 

67 

168 

361 

July 

91 

13 

16 

154 

95 

15 

64 

150 

349 

August 

75 

8 

4 

117 

55 

7 

91 

177 

4 JfO 

September .... 

46 

6 

14 

117 

64 

21 

116 

186 

567 

October 

65 

4 o 

46 

59 

117 

71 

143 

229 

665 

November 

108 

110 

166 

75 

236 

192 

125 

256 

742 

December 

155 

183 

445 

67 

322 

569 

176 

222 

618 

Year 

1215 

1214 

2149 

1282 

2411 

2462 

' 1440 

2598 

6194 

J 

0 1 A 4. 

s 

y 


'Vs 

V 


■ "V 



A.d. A.ra. A.f. 
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with the following system: 

1. Both on account of a limit of 
from 60 to 63 imn. found in the writer's 
experiments and because Kdppen assumes the 
same limit of 60 mm. for the "continuous 
moist," while de Martonne also pretty 
closely approaches that limit with his dif- 
ferentiation of "moist" and "dry" months, 

I have taken 60 mm. rain as the limit , 
above which a month is considered as more 
or less moist, and beneath which a month 
is considered as more or less dry. 

2. It does, however, make a great 
difference whether for a definite station 
there occur but one or two such dry months, 
or seven or eight. The number of months 

is thus of great Importance. 

3. It is also of Importance 
whether the dry months are preceded and 
followed by moderately moist months (with 
R between 60 and 100 ram. ) or with quite 
wet months (with R greater than 100 mm.). 

In the first case the first dry 
month is easily counted with those that 
are fully "dry"; in the latter there is 
obtained a residual effect from the preced- 
ing very wet season so- that for the soil 
and the vegetation in many places the 


"dry time" really begins to take effect 
later. Similarly the significance of the 
drought will be relieved earlier by a fol- 
lowing month with much rain, than by a 
month with only moderate rains (with R be- 
tween 60 and 100 mm.). For example: 3 dry 
months with 9 vet ones, that is a quite 
sharp, but not long, dry period, preceded 
and followed by heavy rains. But 3 dry 
months with 3 vet ones, means 4 transi- 
tional months. Then if 2 transitional 
months precede the dry period and two 
follow it, the dry period is felt much 
more intensely in the soil and by the vege- 
tation. 

On the basis of these considera- 
tions the stations from which the monthly 
rainfall figures (up to and Including 
1928) were available, were grouped accord- 
ing to their number of "dry" and "wet" 
months; while the number of "moist" months 
(between 60 and 100 mm.) automatically 
follows from that: v ^ 12 - (dr + n) moist 
= 12 - (dry + wet) (see Table 56). 

Only one station: Paloe on Celebes, 
with 11 months under 60 mm. and one month 
between 60 and 100 falls entirely outside 
of this Table 36. 

Now it is obvious that we cannot 
show separately on a map all the 43 groups 
which occur; they must be combined into 
larger groups. If we take into 




CLIMATES OF THE NETHERLANDS EAST INDIES 


59 


consideration vhat was said above under 
No. then In the scheme standing above 
the "drought" will Increase not only from 
above downwards, but also from the right 
toward the left, forming five, or really 
six, larger groups, as Indicated by the 
broken lines in this scheme. 

Group I. The continuously wet or 
at least moist stations, where (on the 
average) the rainfall of no single month 
falls below 6o mm. There are very many of 
these stations and there are big differ- 
ences between them. For example: there 
are those In which the rainfall in no 
single month goes above 200 mm., and others 
with no single month below 300 mm. Next to 
stations where the wettest and the driest 
months show but little difference, there 
are others where the monsoons make them- 
selves felt stronger or weaker through 
notable differences In rainfall. Even so 
all stations of this group have the follow- 
ing characteristic In common: practically 
speaking In all months of the year there 
will be found to be a surplus of rain above 
evaporation, and this Is Important with re- 
spect to the soil and the vegetation. If 
now we again divide the stations where the 
minimum month does not fall below 100 mm., 
this gives us the places with the continu- 
ously "wet" climate, and hence wet soli. 
These areas are distinctly separated from 
the places where one or more (at the most 
6) months occur which are only "moist" 

(with 60 to 100 mm.). We shall name those 
2 groups la and Ib. 

In the second place one might make 
still another division based on gradual 
_dlfference3 for example, thus: 

Ia--statlons where no single month of 
the year has an average of more 
than 150 or 200 mm., and 
Ip --stations, where no single month of 
the year has an average under 200 
or 300 mm. 

Particularly with an eye upon such 
questions as sheet erosion such a division 
should certainly be of significance, but 
It would also be applicable to groups II- 
V* And there la the further objectlon-- 
^Part from the fact that attention would 
diverted from water economy towards 
^1*03 ton- -that too great a number of groups 


would be obtained. Therefore we should 
keep the latter division "in mind" and 
maintain the above-named separation only 
In la and Ib. 

Group II. The places In the 
Netherlands Indies where only one "dry" 
month Is observed, would be considered as 
having a weak dry period . And quite weak, 
for In those regions the soli really does 
not dry out, or at most only the uppermost 
surface soil on bare land. Where 9 or 10 
"wet" months follow 2 "dry" ones as In 
groups (2-9) and (2-IO), there Is really 
a sharp dry period, but given the prelude 
and the postlude, droughts of long dura- 
tion certainly do not occur: therefore 
these 2 groups are added to II. 

Group III. A notably often- 
occurring type with maxima of (3-8), (3-7) 
and ( 4 - 7 ) Is very widely distributed, es- 
pecially on Java. Here there Is observed 
a marked dry season , during which the soli 
can dry out quite thoroughly to a consid- 
erable depth; consequently during a part 
of the year the evaporation exceeds the 
additions of moisture. 

Group IV. In this group that phe- 
nomenon of a dry season comes more clearly 
Into the foreground. It Is self evident 
that the groups (4-3) and (4-8) do not be- 
long In one larger group, but (4-3) goes 
better along with (6-6) in IV, and (4-8) 
better with III. 

Group V. Finally a few places with 
a long and fierce drought are best placed 
together Into a separate group. 

On this basis the adjacent map of 
Java and Madoera was drawn. Since outside 
Java the number of stations with an ade- 
quate number of years of observations Is 
still too small, It Is not yet possible to 
prepare a similar map for the entire 
Netherlands Indies. 

It must be admitted that In a 
careful study of the map the grouping gives 
the Impression of arbitrariness In the 
drawing of the boundaries. But In view of 
the practical problems In map cjrawlng and 
reproduction this criticism can seldom be 
avoided and certainly not, whenever, as 
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here, there are differences which continu- 
ally shade one into the other. Yet as will 
clearly appear In the subsequent portions 
of this hook the limits chosen are not as 
arbitrary as they may appear to be. 

Although a corresponding map of the 
other Islands than Java cannot be pre- 
sented, something may be said as to about 
how such a map would look. 

The greater part of Sumatra falls 
Into the groups la-Ib and II; group II 
especially In the southeast to approximate- 
ly a line from Palembang to Bengkoelen, and 
then on the Batak highlands; III almost 
only In North Atjeh. 

The Riouw Archipelago, Banka, 
Billiton, and Borneo fall entirely Into 
groups la and Ib, except that behind 
Bandjarmasln lies a small patch of II, 
showing the approach of the Influence of 
the dry east monsoon. The rest of the 
soil on those Islands does not dry out as 
It does In East Java. 

Celebes exhibits an alternating 
rainy climate, and thus causes the map to 
have a colorful design as In the case of 
central and East Java. Celebes also lies 
about equally distant from Australia. 

The small Soenda Islands are simi- 
lar to East Java; except that from west to 
east the groups la and Ib rapidly disap- 
pear. Except for a few spots, group II 
disappears In the same way; group V, on 
the contrary. Is more prevalent. 

Of the Molukkas and New Guinea 
the data are still extremely scarce; It 
looks, however as If groups la, Ib and 
especially II are the dominant ones, al- 
though there are a few stations (for exam- 
ple Merauke lying more to the south) which 
go Into III and IV. But cllmatologlcally 
the northern half of New Guinea belongs 
entirely with Borneo and Sumatra. 

We shall have to restrict our- 
selves here to these main Impressions. 

* * ♦ # # 


In the preceding discussion, the 
limit of 60 mm. rainfall was rigidly held 
to as the minimum below which arid condi- 
tions In the soil would certainly appear. 


and above which the soli climate would be 
more humid. However, It Is not as simple 
as that . 

In the first place the temperature, 
(in the Netherlands Indies the elevation) 
has an Influence; the higher one goes, the 
cooler It Is, which In turn also reduces 
the evaporation. On the other hand, a 
stronger radiation In the higher tracts 
will heat the soil surface Intensively and 
In this way further the evaporation. How- 
ever, a great deal depends upon the satura - 
tion deficit of the air, a quantity which 
Is locally very variable. On the outer 
slopes of. the mountains the saturation 
deficit In rising currents of air will of 
course become smaller (cloud formation) 
and then the evaporation will diminish; but 
whenever a descending Pdhn wind sets In 
upon the slopes or upon high plains, then 
the winds at the higher elevations may al- 
ready be dry. The Pdhn Is not so drying, 
however, as is the "Koembang" wind In the 
low plains of Cherlbon, or the "bohorok” 
on Sumatra’s East Coast. In short--a gen- 
eral formula cannot be so simply stated. 
Besides there are a few high mountain sta- 
tions, such as, for example on the Idjen 
Plateau, where definitely "dry” months 
occur. 

It is much more Important, however, 
to consider. In connection with the possi- 
bility of evaporation, what happens to the 
rain water on and In the soil. Prom this 
It will appear that very different soli 
climates can occur under the same air cli - 
mate . In this connection let us first 
turn back again to the diagram on page 48. 


# # « « « 

2b. The withdrawal of moisture from 
the soli as affected by vegetation , both 
through modification of the evaporation 
rate at the surface as well as through 
roots taking moisture from deeper layers 
and consequently drying out the deeper 
soli, will be treated at greater length 
under other headings; here It may be suffi- 
cient to record a few Important facts. 

Better than theoretical considera- 
tions, we may call attention to the results 
of an Investigation^® which has been carried 


40. In: Yves Henry, Torres rouges et terros nolres basaltlques d'lndochlne (Hanoi, 1951), p. 174. 






CAUSES OF VARIATIONS IN SOIL CLIMATE! 


61 


out In French Indo-Chlna, a tropical coun- 
try* Y. Henry has recorded some observa- 
tions by F. Aurlol on tvo plots of the 
Glaray experiment station; one plot of red, 
uncultivated soil, bare of all vez-n^tat Ion; 
the other plot of red soil covered with 
heavy, second-grovth forest. Each month 
the plots were sampled, and In the samples 
the water content was determined. The re- 
sults, recorded In graphs, are here stated 
In figures. The figures for the rainfall 
are also given (see Table 37): 


quite correct; but It Is probably not yet 
complete. For we know that elsewhere^ ^ 
Henry recorded that the bare soli has a 
clay content of about 62^, while the soli 
under the forest yielded values 62 - - 62 -- 
38^ for this. In this connection we might 
call attention to what N. Beumee- -Nleuw- 
land^^ writes: 

"11 in soils of that kind with a 
high content of fine constituents there are 
Influences at work which do not favor a 
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son MOISTURE UNUER BARE AND FORESTEI) LAND 



1929 

1950 

Sept. 

Oct. 

Nov. 

Dec . 

Jan. 

Feb. 

Mar . 

Apr. 

May 

June 

July 

Aug. 


layer 





i 

$ 

1> 


i 


% 

i 

i 


O-lf) 

c.m. 

26.4 

24.5 

270 

20.5 

20.6 

19.4 

16.7 

23.9 

25.9 

27.6 

24.5 

27.5 


0-30 

c.m. i 

27.2 

26.1 

28.2 

22.6 

22.7 

22.5 

20.3 

24.9 

27.5 

28.6 

26.1 

28.0 

Bare land ^ 

50-60 

c.m. 

290 

28.7 

29.4 

26.2 

25.7 

23.9 

22.6 

22.7 

29.0 

50.0 

28.9 

29.4 


100-130 

c.m,. 

29.6 

30.0 : 

29.8 

27.4 

26.0 

25.6 

26.0 

25.4 

30.4 

30.5 

50.3 

30.6 


0-50 

c.m. 

28.5 

27.0 

27.1 

22.7 

22.8 

21.7 

21.2 

25.2 

27.3 

270 

28.3 

29.1 

Forested land ^ 

30^0 

c.m. 

27.6 

26.4 

25.6 

25O 

22.6 

21.9 

21.4 

22.2 

26.9 

24.1 

28.3 

28,6 


100-150 

c.m. 

27.6 

26.5 

25.4 

24.4 

2J.7 

22.0 

21.6 

21.4 

26.3 

24.0 

27.2 

28.2 

Rainfall In mm. 

1 


425 

195 

147 

28 

16 

32 


80 


229 


364 


1. (in Henry's paper is printed c.m. — I believe this Is a misprint. E. C. J. M. ) 


In this two things stand out: Ist-- 
that under the forest the different layers 
of the soli vary much less In moisture con- 
tent than those of the bare plot; 2nd-- 
that the subsoil of the forest soil shows 
a smaller water content than that of the 
deforested soil. The author explains this 
in the following way:^^ lst--con3lderable 
I’ain Is intercepted by the leaves and evap- 
orates, hence less water reaches the soli. 
The 2nd- -and main reason Is that the vege - 
tation takes an Important portion of Its 
water from the deeper layers of the soil . 

This explanation Is admittedly 


crumb structure or even work against it, then 
the rain water penetrating into the soil can 
take away from the soil existing In the crumb 
structure a part of that clay . In deeper 
layers the narrowing capillaries or the pres- 
ence of flocculating a^nts precipitate this 

clay The crumb structure of the surface 

layer Is In part destroyed by the tropical 
rains beating upon unprotected soils;.... 
crumbs which ai'o present become beaten to bits, 
washed away In the rain water, and are carried 
Into the pores of the soil. Proofs of this 
are to be found In the results of the Inves- 
tigations of Pltsch (1884), Wollny ( 1889 ), 


h P. Ilk. 

P* W. 

Vi. Meded. Pro© fat. Boachw., 8 (1922), p. 39* 
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PBBca (1875 )> Ramaim (189O), and others. For 
the Indies J. Beumee (1919)^^ calls attention 
to this." 

It l3 thus quite conceivable that 
in Tonkin on bare soils an addition of 
clay has taken place by which the water 
capacity of the upper layers was increased, 
and thus a higher water content was found. 

Reverting to the outcome of the 
investigation in French Indochina it must 
be pointed out that in many localities of 
central Europe, upon comparison of adjoin- 
ing plots of the same sort of soil, partly 
occupied by forest, partly bare or at most 
carrying some thin grass, a clear differ- 
ence In ground water position was estab- 
lished^^; In short, let the conclusion be 
stated thus: forests and. In general, all 
kinds of intensive vegetative cover lower 
the ground water level . As to what this 
signified relative to Interplanting of 
cover crops between permanent crops --both 
in the case of too high ground water, and 
in tne case of a scarcity of moisture, -- 
will be considered elsewhere. 

How much water is evaporated by 
East Indian plants such as grass, cogon 
( imperata cylindrica l^^ talahlb ( Sac char um 
spontaneum ), perennlally-green leafy for- 
est, teak forest, and teak forest periodi- 
cally dropping their leaves under minimal, 
optimum, and maximal water conditions, are 
questions which remain to be answered. 

In general, however, vegetation 
also facilitates the penetration of rain 
water Into the soli; to some extent this 
compensates for the extra loss; sometimes 
the penetration far exceeds the transpira- 
tion losses, especially upon slightly slop- 
ing land. Vegetation also, however, may 
greatly facilitate the flowing off of the 
rain water and thus decrease the penetra- 
tion; for example, in pine forests on 
slopes where the soli Is covered with 
fallen needles. If we also keep In mind 
that such a forest of course also sucks up 
water out of the soil and causes It to 
evaporate, and that all forests hold up a 
part of the rain In the crowns of the 


trees, then the water content of the soli 
is decreased In a three-fold manner. As 
a rule, --and one can admit this without 
any hesitation, --luxuriant vegetation, 
such as the forests of the East Indies, 
reduces the fluctuations In moisture con- 
tent of the soil, extracts the moisture out 
of the subsoil, and promotes moisture move - 
ment from the surface soli toward the sub- 
soil. 


« « « « « 


{j>) Plowing onto the soil over the 
surface (see Pig. 5, page 48) and 

(4) the flowing off over the surface 
have significance in nature only in connec- 
tion with the gradient of tho land , thus In 
connection with slope and the occurrence of 
ridges and knolls on the one hand, and of 
valleys and depressions or sinks on the 
other hand. 

Whether or not there will be any 
water movement over the surface depends. 

In addition to the slope of the land, upon 
two or really three factors: (l) the inten - 
sity of the rainfall; (2) the possibility 
of the soil (l.e., the surface layer) soak - 
ing up the water, and (5) the power to con- 
duct this water downward to the lower 
layers of soil (l.e., the permeability). 

If the last-named factors are large, as for 
example is the case of dunes, then the in- 
tensity of the rain may be great, and the 
slope steep, yet no water will flow off 
over the surface; all Is at once soaked up 
and Is carried downward. 

If, however, the power of soaking 
up the water and/or the permeability is 
small, then even with modest showers of 
rain there are likely to be considerable 
amounts of water moving over the surface. 

So in nature under one atmospheric 
climate, various situations may obtain, 
depending upon the slope and the nature of 
the soil. Yet there are extreme cases 
which apply to almost all soil conditions: 
a shower of rain can be so heavy that 


44. 0. Pltsch, Theorle der. Bodenbearbeltung (l884); Wollny, Forsch. a./d. Gob. Agr. Physlk XII, p. 35; 
Fesca, Journ. f. Landw. XII (l873)> P* 460; E. Ramann, Die Waldstreu u. 1. Bedeut. f. Boden u. Wald 
( 1890 ); J. Beumee, Tectona XII (1919), p. l46. 

45 . See: Handbuch der Bodenlehre DC, p. 382 - 385 ; A. Biihler, Der Waldbau (Stuttgart, I 918 ), I, p. 446 ©n 
volg.; E. Ramann, Foretl. Bodenk. u. Standortsl., (Berlin, l893)> P* 309; Bodenkundo (Berlin, I 9 II); 
p. 450 . 

46. See footnote 45 . 
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almost no conceivable soil can completely 
take It all up as fast as It falls, and 
this water then flows practically every- 
where over the surface of the solJ ; on the 
other hand, a shower can be so light, or 
fall with such a slight Intensity, that 
any and all kinds of soli can absorb it, 
and then water never flows over the sur- 
face. The cases where a surface flow of 
water onto or off from a definite tract 
takes place, or does not take place, occur 
more often than one would theoretically ex- 
pect; because (l) the extremes of pervious - 
ness and of Imperviousness are not so wide- 
ly Intermingled, and (2) great expanses of 
land frequently have a very uniform soil 
type, or at least a not so extremely dif- 
fering perviousness. 

In the chapter on "irrigation" we 
shall refer again to water flowing arti- 
ficially onto and off from the land. 

# « « # « 


(5) Lateral additions of water to 
and 

(6) lateral loss of water from the 
soil are generally of little significance. 
Movements of water In both these direc- 
tions are mainly dependent upon the per- 
viousness of the soil material, and since 
the forces which give rise to the replacing 
of the water have, as a rule, only very 
small horizontal components, any appreci- 
able lateral movement of water takes place 
only In pervious soils. This movement 
takes place mostly In soil close to the 
ground water table or below the ground 
water level. 

Small differences In this respect 
are sometimes clearly perceptible In the 
vegetation. For example, when a road-cut 
runs through a tuff formation which Is a 
complex of layers of earth of varying de- 
grees of perviousness; then we can see 
very clearly, from horizontal strips of 
mosses, little ferns and certain grasses, 
vhlch layers exhibit lateral water move- 
ment and which do not. 

Also beside water channels, rivers, 
01' canals with a water level higher thaji 


the surrounding' Land, one c:an observe In 
protracted dry times a better growth of 
vegetation the nearer one approai^hes 
natural or artificial dikes along the chan- 
nel. However, this phenomenon occurs only 
in case of pervious dike material (rich In 
sand or coarse volcanic ash). 

{7) Ascent and 

( 8 ) percolation bring us directly 
to still another important phenomenon in 
the soil, namely the ground water and the 
ground water level. If the ground water 
level is many meters deep, It Lias little 
influence on surface soil moisture. On 
the other hand if the ground water level 
stands close to or at the soil surface, 
one would seldom consider the water as 
running through. 

Let us consider first the case of 
a water table very deep below the surface. 

As far as the upper portions of the soil 
are concerned the water table is practi- 
cally nonexistent. If the soil is uniform 
and pervious, then gravity will be able to 
fully manifest Itself. The rain water 
penetrates downward from the surface, fills 
the capillaries, saturates the surface 
soil, and in case there is much water 
available, It penetrates farther and far- 
ther. And If the air under It can but 
find a way out somewhere, the water acts 
as a sucker that Is, as It sinks farther 
It sucks air from above Into the cracks 
and capillaries freed from water, while 
beneath new capillaries and cracks, con- 
stantly fill up so that finally the ground 
water Is reached and fed. This process 
continues until this descending water 
stands In equilibrium with the ground water. 
Apart from the hygroscopic moisture, there 
Is then In the soli only adhering water, 
water In the angles, and water remaining 
In the fine capillaries, besides the water 
In the capillaries In connection with the 
ground water. 

One realizes Instantly that pervi- 
ousness Is of great significance for the 
progress of this process. The less per- 
vious the soli Is the more slowly the 
process proceeds, at a certain limit It 
will practically come to a standstill. In- 
deed heavy clay and loam soils frequently 


'< 7 . If the air cannot find a way out below, then ita pressure is at once raised. If thus in a shower on 
flat land the surface is cut off by water, little or no water can penetrate deeply. 
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occur In the Netherlands Indies, with 
practically zero perviousness; In such 
soils not only the flowing through ceases 
(8), but also the ascent ( 7 ), and the lat- 
eral water movements ( 3 ) and (6), mentioned 
above. But can we then also do away with 
( 1 ) and ( 3 ), that is, the penetration of 
water and ( 2 ) the evaporation? By no 
means, but they proceed very differently I 
We will return to this presently. 

First let us now consider only 
the case of a pervious soil with a high 
ground water level, just below the surface 
of the soil. Whenever a heavy shower 
falls, then soon the penetrating water will 
unit with ground water and raise the ground 1 
water level; if the ground water can escape 
laterally, then the case Is not very dif- 
ferent from that first mentioned. But If 
It cannot get away, the water rises closer 
to or even stands on the surface, the soli 
becomes over-saturated with water and Is 
without air. Only through evaporation can 
the soil reappear again above the water, 
for example in the next dry monsoon. 

Under what conditions Is there a 
definite capillary ascent of water? Imme- 
diately after the rain ceases and the dry 
period begins? By no means everywhere; 
only In certain circumstances. In a soil, 
homogeneous of texture and structure, the 
ascending water comes from the ground 
water, and only will rise In proportion to 
the rate of water removal from the higher 
capillaries. In soils which are particu- 
larly suited for drawing up water, the 
greatest actually observed rise Is from 
2 to 2.5 m. To move that distance the 
water requires about a month. If the 
ground water level lies 2.3 m. or more be- 
low the level from which the water is 
taken up, then ascent Is practically out 
^f the question. Isn't It true that those 
soils which have the highest capacity for 
drawing up water always consist for the 
greater part of coarse slit of 20 to 30 
mu? When you come across soils with a 
larger proportion of finer grains, for ex- 
ample clay of 1 to 2 mu., then the theo- 
retical height to which water can ascend 
Is almost 30 m. but the time that Is 
needed for even one meter rise Is about 
two years. However by that time the 


entire ”dry season, ” even though it con- 
tinue for 8 months. Is long past. 

The removal of water may occur: 
a) through evaporation; or b) through the 
plant roots. For a) It Is essential that 
the capillary passages connected with the 
ground water continue to or close to the 
suraface of the soil. If one Is dealing 
with soil that draws up water very strong- 
ly, then the ground water must certainly 
stand not deeper than about 2.3 m.. If one 
Is to notice on the surface anything of the 
ascent. In more sandy types of soli, this 
distance must be much smaller. And In the 
heavier loam and clay soils there Is no 
need to have any Illusions that through 
capillary rise the water lost from the sur- 
face soil during heavy droughts can be 
replaced. 

For b), that Is to say water loss 
via the plant roots, the ground water level 
can, from the nature of the case, lie 
deeper than for a). The roots of many 
plants go down 1 to 2 ra. deep, those of 
many trees as much as 8 m. or more. For 
example, even If the ground water level Is 
10 m. below the surface It Is possible 
that forest on this land, even In the dri- 
est time does not suffer for lack of water. 
On the other hand the water table may stand 
at 5 m., and If the forest Is chopped down 
In order to make the land available for 
permanent crops, the roots of these crop 
plants cannot go deeper than 2 m., and 
hence cannot survive the dry period; capil- 
lary ascent does not bring the water nearer 
than about 3 meters below the surface. 

Now there Is still another compli- 
cation which should not be neglected! IT 
water rises by capillarity, the ground 
water must at the same time be replenished 
from below or from one side; If that does 
not occur, then there would develop a 
vacuum somewhere beneath and that cannot 
be; hence under such condition the capil 
lary rise cannot occur. The roots of 
the plants must then exist with whatever 
capillary water there Is present; If th(;y 
need more It will be necessary for the r-df 
to grow to It. For that matter, they must 
do that In all the heavier soils, where!' 
water movement In general, and this also 
Includes ascent, takes place so extremely 


48. Cf: the extensive calculations and considerations of F. Zunker In: Handbuch der Bodenlehre VI, p. 
104-114. 

49 . Cf: Zunker, 1. c., p. 111. 
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slowly that for practical purposes there 
Is none at all. 




(9) Of the diagram (Fig. 5, pa^e 88) 
of water relationships there still remains 
to be considered the variation In content 
0^ hygroscopic water . Whenever the rela- 
tive humidity of the atmospheric air drops 
appreciably below 100 per cent, the soil 
although already quite dry, will still lose 
moisture, namely the hygroscopic moisture. 
Especially when heated by radiation from 
the sun the soli temperature rises to far 
above that of the atmosphere. For example, 
when with an air temperature of 50°C and 

a relative humidity (rh) of 40 per cent, 
the actual water vapor tension is 0.4 x 
31.5 = 12.6 mm.; If In addition to this 
the surface of the soil is warmed to say 

4^°C, then the R.H. Is = 17.7 per cent 

for the Immediate proximity of the soil 
particles; with such a "drought” these 
particles will lose much of their hygro- 
scopic water. There are soils in the 
Netherlands Indies whose hygroscoplcity 
exceeds 20 per cent, so with the dryness 
mentioned these lose In the form of water 
vapor more than 10 per cent of their weight 
of water. If during the following night 
dew falls, the loss of hygroscopic moisture 
is forthwith made up. But even if no dew 
falls, then cooling off through radiation 
from the soli Is already sufficient for 
the soil particles on the surface to again 
take up hygroscopic moisture from the at- 
mosphere, even though this moisture be im- 
perceptible to the eye. 

(10) Regarding water movements In 
the soil In the form of water vapor we 
could also mention a number of important 
things but space forbids their considera- 
tion. 




Now if we survey what has been 
said under headings (l) to (9)^ then it 
appears that all factors which contribute 
to the water relationships are liable to 
continual variation. The result Is an 
equally variable amount of water In the 
soil . In order to be able to say something 
about It, the conception " water capacity " 
has been Introduced, but at the same time 
the necessity was realized of defining 
that conception. A controversy has gone 
on for many years regarding the paraphras- 
ing of those conditions; even today this 
controversy has not been straightened out. 
But this much is now quite clear, that some 
types of soil have much higher capacities 
than others and the same weight, or same 
volume, of one soil can take up much more 
water than can another. 

If by exposure to rain, for example 
water is added to a "dry" soil--whlch may 
already contain considerable hygroscopic 
water--then first the hygroscoplcity Is 
raised to Its maximum, and then the capil- 
lary pores and spaces are filled until the 
maximum water capacity is reached. Then 
the soil Is "wet." Under continuously 
" humid conditions" the water content Is 
continually close to this maximum water 
capacity; while under " arid conditions" 
the water capacity lies continually near 
the "dry" point, close to the so-called 
hygroscoplcity, or even below It. 

Now if nothing else happened, the 
matter would be quite simple. It is, for 
example, quite so for a coarse sandy soil. 
The water mentioned under l)--is of no 
significance; since the water mentioned 
under 2) --is what the plants live on in a 
sandy soil. 

But in heavy soils, such as clay, 
other factors prevail. If the clay par- 
ticles behaved exactly as sand grains, tha1 
is to say, if in the presence of much watei 
they remained the same as they were wlthoul 
water, then with a heavy clay soil one 
would have this case; the clay is dry, hare 
impervious; rain falls on it; the surface 
becomes moistened, the rest of the water 
cannot penetrate and runs off; in short -- 
a behaviour as if only a stone layer were 
there. But the conditions are really 
otherwise: as will be clear from these 
observations : 


^0. Whoever is deslrloue of making a closer study, Is referred to Handbuch der Bodenlehre VI, p. 198-209. 
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If 1 djn^ of dry sand weighs 1,600 
grams, and the specific weight Is 2.67, 
then the volume of the sand grains Is 

= 600 cm, hence the volume of the 

2.07 

pores Is 400 cc. Now if the sand takes up 
400 gm. water In those pores, then the 
volume of the wet sand is still 1 dm^ and 

400 

and the maximum water capacity Is ^ 

2^y% (calculated according to weight). 

Let us contrast this with a clay, 
such as often occurs In the Netherlands 
Indies. At the maximum water capacity 42 
gm. of the wet clay would have a volume of 
27 cm^. When thoroughly dried out and In 
addition kneaded and weakly pressed (only 
with the hand) the final weight would he 
24 grams. Thus the water loss would be 
18 gm. (78 per cent). But those 24 gm. 

_ 24 ^ 3-3 

occupy a space of only ^7777 ^ 9 cm + 1 cm 

2 .0 f 

(10^) air space = 10 cm^ . With the taking 
3 3 

up of water these 10 cm^ swell to 27 cm‘ , 

thus to 270^^ of their dry volume. 

It Is of Importance to keep clearly 
In view what this signifies in nature, a 
swelling of the soil upon taking up water 
from say 3 to 8, or a shrinking from 8 to 
5 upon drying out I Various conditions con- 
tribute to prevent such extremes --from 
being observed to this degree. In the 
first place many soils are not really clay 
soils but loam soils, and these have a 
lower capacity for swelling and shrinking. 
Secondly, soils In nature do not so fre- 
quently become saturated to their maximum 
water capacity, and thereafter are but 
seldom strongly dried out down to their 
minimum moisture cont,ont; a little mois- 
ture almost always remains behind. Third- 
ly, however. In nature gravity acts on 
great quantities of vet , plastic clay so 
that the whole mass sinks or rises ver- 
tically; tills we men do not so quickly ob- 
serve. If we do not use suitable instru- 
ments and do not have at our disposal 
bench marks anchored deep in the unchang- 
ing subsoil, a rising or slnklni of even 
1 to 2 ft. of a large level field escapes 
us. A g,reat deal of the cubic swellin/* or 
str Inking really does take place in a ver- 
tical direction, and is more or less imper- 
ceptible to our eye. Fourthly together 
wltii trie shrinking an additional phenome- 
non, cracking, comes in as a factor. 


sometimes as single big cracks In not too 
fine grained loam soils; sometimes, with 
very colloidal clay soils, as an endless 
cracking and granulation of the soli down 
to very fine cubes, to sharp-angled "sand," 
even to a fine "sand" which may blow about 
In the wind. 

It Is a good thing to keep In mind 
that It is just the heaviest soils, those 
richest In colloidal clay, that are the 
most plastic and Impervious when moist and 
wet, and which upon drying out, crack, 
break down, and granulate. If such a soil 
did not crack, then after a long drought It. 
could hardly become moistened afresh. Ac- 
tually however, it readily becomes moist 
again, because the land Is broken up by 
wide, sometimes meters-deep crevices and 
fissures, as well as minute cracks. When- 
ever the first rains fall the points of 
application for moistening are legion and 
the thorough moistening of this material, 
practically Impervious to water, need take 
but months or weeks, In certain cases only 
a few days. In place of years. Similarly, 
the water loss at first takes place from 
the surface, and Increases as the smaller 
and larger cracks originate, thus exposing 
new surfaces for evaporation. Drying out 
In this way may continue for months, though 
It extends to only 1 or 2 foot depths. 

So there Is a great and principal 
difference with respect to the manner In 
which hhe water economy regulates Itself 
in pervious and impervious soils . The dif- 
ference is something like that between the 
human traffic in a great railway station 
and In a concert hall; In the one case tho 
traffic is flowing through, in the other 
the hall fills and then again empties. 

For the Impervious soil types this 
signifies that when once they are fully 
saturated by a quantity of water, which la, 
for example, 5OO mm. rain, any further rain 
tliat falls cannot be absorbed. So it makt'L’ 
no difference whether in the rainy season 
800 mm. or 2,000 mm. falls, the surplus 
runs off over the surface. Wliat the conse- 
quences of this are for the final weather- 
ing stage will be further considered In the 
chariter on "Weathering. " 

Meanwhile it is desirable to empha^ 
size once more that from the point of view 
of soil science, it Is not enou^^h to say: 
with a monthly rainfall of 100 mm. or mor*' 
a downward movement of water will occur, 
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and with a monthly rainfall of less than 
60 mm. the reverse will occur. Such a 
ylatement applies only to pervious soil 
material; and as far as upward movement 
Is concerned, is further limited by those 
restrictions which have been spoken of 
above under "ascent." But for impervious 
soil material descending: and ascending 
movements of water as such remain prac- 
tically out of consideration; in these 
soil types one is concerned with other 
processes . 


3 . AIR IN THE SOIL 

Besides solid constituents and 
soil water, there is more or less soil air . 
If a definite volume of soil be taken as 
unity, (Vg -f Vy t Vi = l), the volume of 
the solid parts (Vg), calculated over a 
certain time is quite constant. Also that 
of water plus air is constant, as Vy Vi 
- 1 - Ve . From this it follows that Vi is 
largest when the soil is as dry as possi- 
ble (Vy is at a minimum); and that Vi be- 
comes the smallest when the soil is satu- 
rated with water, (Vy Is at a maximum). j 

From the many figures which are i 

given in the literature’'^ we record hero 
only that Vg seldom goes below 0.26 or 
above O. 6 O so that Vy + Vi then varies be- 
t,veon 0.40 and 0 . 7 ^* By way of exception 
in very dry soil Vi can be more than '5 A 
of the whole volume, in dried out peat for 
example 0 . 84 , but as a rule it does not 
oxf'eed 0,40 to O.b‘3. In soil saturated 
with water, the water never occupies the 
entire space Vy + Vi, which is called the 
pore space or the porosity , but always 
allows a little air to remain over; in 
oflier words the maximum water capacity , 
caicula-ted volumetrlcally, remains always 
less than the pore space . That difference 
Ic sometimes quite considerable, viz. O.lh, 
lait It can also be very small, to almost 0 . 


In the latter case almost all of the air 
is out. A soil is however hardly ever 
saturated to the maximum, so that the mini- 
mum of Vi, approaching 0, very seldom occurs 
in nature; as a rule the air content shifts 
between O.Ob and 0.^0 or lA to 30 % of the 
pore space. 

If the water content Is approxi- 
mately equal to the "liquid limit" (more 
about this later), that Is, a certain water 
capacity somewhat lower than the maximum, 
then Vi - 1 - Vg - VI = the space taken up 
by the air (for example, a few hours after 
a long-continued, falrly-heavy rain). This 
is sometimes called the air capacity. This 
quantity is of great Importance for vegeta- 
tion; for various European cultivated crops 
Kopecky’’^ determined the optimum to be be- 
tween 5 and 20 %, 

In the Netherlans Indies Kerbosch 
and Spruyt”’''^ came to the conclusion that 
the air capacity of Cinchona (quinine) 
soils varied between I 6 and and has 

an optimum at about 27^. 

From data of Vriens and Tijmstra,^"^ 
wherein are mentioned figures relating to 
the porosity and also to the water capacity 
of many Dell soils, although air capacity 
Is not mentioned, the figures may be cal- 
culated as follows (see Table 38 ): 

Table 58 


AIR CAPACITY OF "DELI SOILS" 
(including the Roeldency of 
Sumatra's East Coast) 


In io of the 
total volimic 

Minimum 

Maximum 

Approximate 

limits 

Porosity 

48.9 

87.3 

0 

0 

U~N, 

Water capacity... 

33.9 

■It. 3 

35 to 531^ 

Air capacity 

8 ■' 

39.2 

10 to 4 o^ 


Most of the figures lie between 
l4 and 2 \'%; as regards the order of magni- 
tude, they are In good agreement with the 
above-mentioned results relating to the 


'b. See for example In the Handbuch dor Bodenlehre VI, p. the part by F. Glosoke, Das Verhnlton d. 

Bod. g. Luft,— where will bo found an extensive blbllogi^apliy and tables. 

J. Kopeoky, D. pliyslk. Elg. d. Bod., Intern. Mitt. Bodenk., _t, (l9l4), p. itg. Hof.: Handbuch der 
Bodenlehre VI, p. 28l. 

'b). M. Kerbosch en C. Spruit P. Pzn.: Beoord. v. klnagrondon, enz., Cinchona VI, (1^29), P- A-iH* 

1. G. C. Vriens en S. Tl^jmstra Bzn., Deligrondon. Numerous papers in Meded. Dellproefst. Dl. II to VI. 
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Cinchona aolla and with the values of 
European soils. 

In an extended consideration of 
soil research^^ P. W. E. Vageler discussed 
soil air relationships; there he clearly 
points out the fact that up to that time 
(1928) In the Netherlands Indies still in- 
adequate attention was given to the quan- 
tities of air In the soli. Actually with 
respect to tea and rubber soils, but es- 
pecially relating to still undisturbed 
soil types, nothing is to be found in the 
Netherlands Indies literature relating to 
air relationships. 

Interesting therefore are the re- 
sults obtained in Pusa, British India; 
they are the more worthy of being noted 
here In that they have been so seldom in- 
corporated in European literature. W. H. 
Harrison and P. A. Subramanla Alyer studied 
the gases of paddy (wet rice) fields^®; 
their work was later rounded out by J. W. 
Leather. The latter in dlferent deter- 
minations^® found first of all that In the 
dry season, thus not under submerged con- 
ditions, the water content In the Pusa 
soli to about 1 m. depth varied from I6 to 
6 % by volume and the corresponding air 
volume between 30 and 45^; in the follow- 
ing rainy season the water content in- 
creased from 25 to 33^, while the air 
(gas) content decreased to between 30 and 
15^ by volume. Only In a deeper layer 
(1.25 m.) were found lower figures namely 
from 10^ to as low as 4^ by volume; these 
are, however, still rather high amounts of 
air. 


* ♦ ♦ * ♦ 


The remarkable thing about the 
British Indian researches which were 
carried out at 30°C, (hence under tropical 
conditions) Is, however, that that air Is 
sometimes no longer "air," but Is an en- 
tirely different mixture of gases; this 


brings us to the question of the composi - 
tion of the soil atmosphere . 

The European Investigations®® limit 
themselves mainly to the constituents ni- 
trogen, oxygen, and carbon dioxide, and 
since the former two vary much less than 
the carbon dioxide, most researches deal 
with the variations in the CO2 content. 
Unfortunately because of errors in the 
method of determination some of these in- 
vestigations are quite valueless. The 
soil actually possesses all kinds of, solid 
constituents which absorb all sorts of 
gases; and the water also absorbs gases 
and holds them In solution; these absorbed 
gases should not be included in a statemeni 
relating to the soil atmosphere. However, 
If we drive off the gas by heating the soi; 
and consider that gas as the "soil air," 
the results cannot be accurate. 

In general it has been found, how- 
ever, that the ratio N2:02, amounting to 
about 78*21 in the atmosphere, diverges 
but little in the uppermost layers of the 
soil. At 19 cm. depth the O2 content may 
fall occasionally to 19^i and at 70 cm. 
depth to 13:^, yet it always remains quite 
considerable. 

The CO2 content In the free atmos- 
phere Is about 0.03,^ by volume, while close 
to the soil, for example at 2 cm. above it, 
with an absence of wind, it is usually 2 
to 3 times as much:®® If there Is quite a 
breeze, then no difference exists. In 
forest, especially In the mornings after 
a quiet night, even at a greater height, 
for example 1 m. above the soil surface, 
the CO2 content is still double or more 
the content outside the forest. It is a 
pity that figures for the tropics are 
still lacking. 

In the soil, that is, in the upper- 
most horizons to about 30 cm. (l ft.) 
depth, amounts of a higher order have, 
however, been found; in a quartz sand soil 
only 0.05 - 0.1 per cent by volume, in a 
loam 0.07 - 0.3^, and in peat soil 0.4 to 
more than 1.0 per cent by volume. At 1 m. 


55 . Archlef v. d. Theecult. In Ned. -Indie, I, No. 2 (1928), p. 87 - 89 . 

56 . V. H. Harrison and P. A. Subramanla Alyer, The geeoe of Swamp Rico Soils, Mem. Dept. Agr. India 
(Pusa), III, No. 3; IV, No. 1 and No. V, No. I (1913-1916). 

57. J. Walter leather. Soil Gases, Mem. Dept. Agr. India (Pusa), IV, No. _3 (1913). 

58 . Leather, 1. c ., p. 99 . 

59 . Cf. Glosecko, 1. c ., p. 282-302. 

60 . Cf. Glesecke, 1. c ., p. 236 - 237 . 
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depth there Is as much as 0.4 - 2 . and even 
^ per cent hy volume. In garden soil 
mixed with stall manure the content of CO 2 
may rise to 7 per cent hy volume. 

But whenever a soil stands under 
water, quite different figures are ob- 
tained. Thus Harrison and Alyer^^ found in 
the water free soil air from rice (paddy) 
fields: 


Nitrogen 

N2 

between 75 

and 11^ by 

volume 

Oxygen 

O2 

*' 

2.8 

It 

0 


Carbon dioxide 

CO 2 

tf 

2 

II 

20 

11 

ffe thane 

CH4 

If 

17 

'* 

73 ” 

II 

Hydrogen 

Hs 

11 

0 

II 

2.2 ” 


Here we 

see 

that 

the 

oxygen 



almost entirely disappears, sometimes even 
the nitrogen also, while their places are 
taken by carbon dioxide and more especi- 
ally by methane and also hydrogen. In 
other determinations hydrogen increased to 
even more than 11 per cent! 

Leather refined the methods of 
investigation still more by determining. 

In addition to the nitrogen, also the 
argon, which in the atmosphere is approxi- 
mately l/80th of the nitrogen. In this 
way he could see in the ratio N:A whether 
the so-called "nitrogen” of the earlier 
determinations (actually N + a) remained 
present as such and inactive, or whether 
through the microflora N was added to it 
or was given off. He found^^ that actu- 
ally the ratio, which in normal surface 
soil is about 75 to 8 I. 5 , under rice field 
conditions can run up to 92 to 9 ^; this is 
only to be explained by admitting the evo- 
lution of nitrogen through the action of 
bacteria. 

Remarkable also is Leather’s dis- 
covery that in the immediate neighborhood 
of the roots of Crotolaria juncea , indigo 
and corn (maize), growing in "normal" 

I soils, the ratios of the constituents of 
^ the soil atmosphere®^ diverge so strongly 
^'rom the figures found in Europe: 




Temperature: Nitrogen 

about 30 ° C Oxygen 
Air content: Carbon 
dioxide 

by volume Methane 
Hydrogen 
Argon 

n/a 

Even though the sampling was done 
at 30 cm. (1 foot) depth or less, and even 
though there Is always some oxygen every- 
where in such dry soil the low content 
of oxygen is striking. However, close by 
the roots the carbon dioxide content Is 
quite high. Methane was never found here, 
but hydrogen quite regularly which Is quite 
remarkable. It seems unlikely that the 
roots "exhale" hydrogen; this gas Is prob- 
ably produced by microorganisms. But then 
likewise the microorganisms may have pro- 
duced CO 2 and it becomes uncertain, in how 
far the roots have played a part in the 
CO2 production. Leather rightly insists 
here upon a closer investigation relating 
to these Important biological questions. 

* * # * 


It was worked out by Zunker,®'^ that 
the perviousness of soil for water and the 
speed of diffusion for the soil gases run 
completely parallel, if one chooses suit- 
able units. Prom that it follows that a 
highly pervious soil also exhibits a rapid 
gas diffusion, and the deviations of the 
soil atmosphere from the composition of 
the free atmosphere above it can be but 
small. Large differences occur only where 
diffusion Is at a minimum or is lacking, 
that is, in impervious soil and also in 
the layers beneath it, although they are, 
in themselves, quite pervious. 


73 -85^ by volume 

2. 2-13. 8^ " 

^ 4.8-17.0 ” 

none 

0 . 0 - 1 . 4 ^ " 

0. 9-1.1 
76 -83 


^ 1 - Ill, 5 , p. 69 - 70 . 

P- uo-114. 

L- c.. p. 115 . 

Zunlcar In Hondbuoh der Bodonlehr. VI, p. 166-17? • 
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Finally a peculiar phenomenon 
should he pointed out which may sometimes 
have Important effects upon the soli water 
and the soil p;as; that Is, the adsorption 
of all sorts of gases upon the solid soli 
particles . 

Prom what was said about hydro- 
scoplclty (pa|7e 6b) wc already know about 
the adsorption of water vapor. In just the 
same way as water vapor Is held by such 
soil constituents as kaolin, humus and 
eapoclally Iron hydroxide, these substances 
also hold fast upon their surfaces f^reat 
quantities of other pases, particularly 
carbon dioxide, ammonia and even nitrogen. 
Consequently soils rich In Iron also ab- 
sorb very considerable quantities of these 
gases, and there have been found some soils 
upon which could be fixed more than 4 gr. 
NHs gas and 4 to 7 gr* per 100 gr. of 
soil. 

Since the results of different In- 
vest igators still do not agree very well 
more will not be said here about this. 

Since no Investigations In this direction 
have been made In tlie tropics, suffice It 
to say that absorption of gas must not be 
neglected, and that this absorption can 
give rise to misunderstandings. For ex- 
ample, In Vageler^s modern and. In many 
respects, very valuable little book about 
tropical soil science we flnd^^ the Idea 
that "the earlier opinion that the strik- 
ing, red and yellow soils of the tropics 
should be poor In humus, Is entirely wrong; 
contents of 10;7^ and more organic matter 


are not at all uncommon. " Whatever par- 
ticular method one follows to determine 
that organic matter. It Is never® ^ deter- 
mined directly, but It Is calculated from 
the quantity of carbon dioxide obtained 
from the sample by burning It In one way 
or another. But supposing that little 
true organic matter is present, yet much 
carbon dioxide may be absorbed on the 
abundant Iron oxyhydrate of the red, red- 
dish brown and yellow soils, then accord- 
ing to the usual methods of analyses the 
carbon dioxide will be driven off weighed 
and calculated back as humus. How great 
Is this error? A conclusive experimental 
answer must be given to this question be- 
fore we can agree to Vageler's very posi- 
tive statements. 

Another question Is, just how 
much do such absorbed gases, especially 
carbon dioxide, affect the degree of 
acidity? One thinks he has noticed that 
If Iron oxide hydrate adsorbs pure nitro- 
gen, nitrate Is thereby formed; a phe- 
nomenon which reminds us of some technlca] 
processes of "nitrogen fixation from the 
air"; thereupon one may say that there Is 
nothing new under the sun. In short -- 
various Important problems are connected 
with such adsorption of gases; this Is 
however not the x^l^ce to go farther Into 
this subject; the soli climate Is already 
quite complicated enough. 


65 . F. Glesecko, 1. c ., p. 315-541. 

66. P. Vagelor, "An Introduction to tropical soils," (translated by H. G&reene), (London, 1933)> PP* 

end 76 , 85 and 86, etc. 

67. Only the direct separation and weighing of "matlftro noire" Is an exception to this. 



Chapter ill 


THE PROCESSES OF WEATHERING AND SOIL FORMATION 


Starting out on the basis of 

1 . the parent materials considered 
In the first chapter, and 

2 . the soli climate discussed In 
the second chapter, we must now go Into 
the question of how, under the Influence 
of all the factors which make up the soli 
climate, or stated more broadly; how all 
the factors which originate In or are ef- 
fective In the soil, alter the parent ma- 
terial. So now we must go Into a study of 

3. the processes of weathering and 
soil formation . 

We have learned to know the parent 
material as rocks, and these as made up of 
complexes of minerals. In the following j 
discussion of weatherlnfr, those forces 
which attack and change the minerals and 
rocks but which do not act at the surface 
of the earth, or are not Influenced by "the 
weather," are not up for discussion here. 
These endogenous forces (such as gas and 
steam exhalations, warm springs, and other 
phenomena, which have their origin deep In 
the Interior of the earth), will not be 
considered, though we approach very close 
to them and even come Into contact with 
them where, for example, the soil comes 
Into contact with river water which comes 
from craters. It is rather the so-called 
ex ogenous phenomena which we will now con- 
sider. 


* ♦ * * 


There are two paths open for the 
study of those exogenous weathering phe- 
nomena . 

The first would consider the rocks 
a whole , follow their total changes, 
and In conclusion would study the kinds of 
g^oll as a wiiole which originate from those 


rocks. In commencing a study along this 
line one would restrict himself to a more 
or less minute description of what could 
be observed; In a later stage one would 
proceed to all sorts of analyses and so 
arrive at more amplified conclusions. In 
the past, and still today, for many, this 
Is the only useful path. 

The second path proceeds from the 
Idea that rocks are complexes of minerals , 
that these minerals, which upon weathering 
under the action of the weathering Influ- 
ences, behave differently , so that one has 
to consider the minerals first separately , 
and then go Into the changes which each 
can undergo by itself. Also the inter- 
mediate and end products which they will 
give In the course of their weathering 
must be considered, so that It will be 
possible to draw an adequate picture of 
how the rocks weather, as well as how the 
soil Is formed. 

It may be doubted whether It is 
possible to choose between these two paths, 
that Is to say, whether the one path ex- 
cludes the other. More likely It should 
be considered that each one supplements the 
other, and that either one will throw some 
light upon the other. This Is especially 
necessary, since a priori the second path 
promises more Insight Into what goes on in 
weathering and soil formation, but on the 
other hand for the second path a presuppo- 
sition is made which Is superfluous for the 
first. This supposition Is that with refer- 
ence to the weathering forces the minerals 
of a rock behave independently of each 
other; that each one goes Its own way, pro- 
vided that the environment In so far as It 
takes part In the weathering, remains but 
the same. In an absolute sense this theo- 
retically established premise will occur 
very seldom; It Is only Intended to express 
that one mineral will not Influence the 
other directly , for example. In Its react- 
ing:: with water or air. Practically, how- 
ever this comes down to Indirect Influences 
via an environment such as water, where the 
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diverse minerals react with It, and owing 
to this the surroundings are changed, as In 
a definite solution. This new environment 
can now he changed through the Influence of 
mineral A In such a manner that It becomes 
different In Its reacting with mineral B, 
thus an Indirect Influence of the weather- 
ing of one mineral upon another Is easily 
Imagined. But with the knowledge of phys- 
ical chemistry and of colloid chemistry 
those mutual Influences, can, to a great 
extent, be reduced to known laws; these 
facilitate the construction of the compos- 
ite weathering picture and places It on a 
known and firm foundation. 

It stands to reason, and can there- 
fore be demonstrated In the process of de- 
velopment of a number of sciences that. In 
comparison with the first, the second path 
wins In Importance and Interest. Haven’t 
people always done that whenever It was 
possible, splitting a very Involved and 
complex problem Into a number of questions 
of simpler nature? As a rule they have 
even done this In spite of the fact that 
they might anticipate that In so doing, the 
amount of work Involved would really be 
more. However In passing final judgment 
upon the results of such a partial Investi- 
gation as here Intended, we must never lose 
sight of the fact that even though the In- 
dividual parts are placed together these do 
not necessarily give the whole picture. 

Just as a human being Is still something 
more than the complex of the morphological, 
physiological, and chemical subordinate 
parts and characteristics which can be ob- 
served; just as even an atom Is probably 
something more than merely a crowd of mutu~ 
ally related protons and electrons; In just 
tne same way also the "living soil," con- 
sidered in a broad way, is still something 
more than a complex of constituents, whose 
characteristics and behavior one can, to a 
certain degree, study and determine. This 
Inspires one to caution and modesty, but 
should not encourage despair and Inactlonl 

The attempt, which will be made In 
the following pages to guide the reader In 
a consideration of the weathering of the 
soli along the above-mentioned "second 
path," Is still weak and Incomplete. I 
gladly admit that the results appear to me 
as meagre, but, nevertheless, by no means 
discouraging . 


1. About the weathering of the 
separate minerals, which are of Importance 
In soil formation : 

It Is customary to differentiate; 
mechanical or physical weathering and chem - 
ical weathering . The former will be dis- 
cussed below In No. 1 of Chapter 4; while 
at this point the chemical weathering will 
be considered. 

By this term Is meant the weather- 
ing In which the minerals are attacked, so 
much so that even the lattice Itself Is 
often times completely broken up. Of the 
constituents liberated, some are carried 
away In solution, others are separated out 
again In new combinations which form In 
that place or elsewhere. Chemical agents 
coming from outside, in the liquid or In 
the gaseous form; water, carbon dioxide, 
oxygen, organic materials dissolved or not 
dissolved In water and still a few others 
to be mentioned later, play a part In this. 
Of all these, water Is the foremost ; for 
chemical weathering cannot occur at all In 
the absence of water. 




Water In nature Is never pure water 
there Is always something dissolved In It . 
Upon what Is dissolved In the water deter - 
mines how the weathering of the minerals 
will proceed . Consequently It Is necessary 
to consider first, what constituents may 1" 
dissolved In the water, and how they deter- 
mine Its character as a weathering agent. 

The purest water Is no doubt rain 
water, especially in the tropics, particu- 
larly after the first water In the begin- 
ning of a heavy shower has purified the air 
For example. If from a shower of 80 mm. or 
more, the rain, after the first 20 mm., be 
separately collected, the amount of dis- 
solved substances therein Is very small. 

In the first 20 minutes solid particles 
are washed out of the atmosphere, just as 
the nitrates and ammonia. The higher tem- 
perature of the tropics causes the rain 
water to possess less dissolved gases than 
In the temperate zones. 

It has long been taken for granteii 
that the acids especially those dissolved 
In the water: carbonic acid, nitric acid 
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(coming from electrical discharges In the 
atmosphere), sulfuric acid (coming from 
the oxidation of pyrites and other sulfur 
ores In the rocks), and organic acids 
(humus acids) were the ones which caused 
chemical weathering; not until much later 
was It realized that water, even without 
anything else dissolved In It . Intensively 
attacks a number of minerals. It is not 
necessary here to consider all possible 
cases and combinations.^ We shall here 
limit ourselves to the action of the most 
Important liquid weathering materials, 

3uch as are found In the Netherlands 
Indies, upon the minerals • which are In- 
cluded In the diagram (Fig. 1, page 7). 

With respect to these liquids, we 
should note the f -allowing facts: It Is 
true that all are for the most part water; 
all are dilute solutions, of salts, acids, 
or bases; but besides these there are, 
however. In many cases, colloidal sols of 
varying nature. Consequently those liquids 
may have widely divergent degrees of acid - 
ity ; on the acid side the pH may vary be- 
tween 7 and lower than 3, and on the alka- 
line side between 7 and higher than 9. It 
Is obvious that that degree of acidity has 
a strong Influence upon the course of the 
weathering of the minerals; therefore, the 
effect of reaction will be taken up more 
In detail. 

From pure water of pH 7 ve may here 
differentiate; Water containing carbon di - 
oxide . If the content of free carbon di- 
oxide Is but small, then the pH Is also 
only a little lower than 7; but If the 
content Is higher, then the pH falls, to 
reach with saturation of the water the 
extreme of about 3.89, say 4. 

If such water Is In contact with 
the mineral calcium carbonate, then there 
ts formed water containing calcium bl - 
-^rbonate^ wherein the alkaline Influence 
of the lime predominates, so that the pH 
reaches values of from 7.9 to 8.9. In 
nature with calcium carbonate plus free 
carbon dioxide, the pH actually varies 
tietween 7-5 and 4.9. 

Sea water exhibits pH figures from 
^8 to 8.4; close to the mouths of large 


rivers somewhat lower figures naturally 
prevail, but yet seldom below 7-9. Thus, 
sea water always has an alkaline reaction. 

Also the water which has come in 
contact with fresh basic volcanic ash has 
an alkaline reaction; as to why this Is 
will be explained later. Its pH can rise 
to as much as 7-9 or 8. This liquid might 
here be called sodium carbonate-containing 
vater , although It contains besides Na still 
other bases such as Ca, Mg, and K. 

Humous water , as a rule brown col- 
ored ( "ajer hltam") , Is more or less acid, 
just as Is the "bog water" In Europe; In 
the Netherlands Indies the pH is often 
lower than In Europe, that Is, lying between 
9 and 3, sometimes even below 3. 

Yet there are some artesian wells 
which also give brown water containing 
humus , which because of a high content of 
soda Is alkaline (pH about 8). 

The most add water la found In the 
runoff from crater plains and crater lakes. 

In such crater water free sulfuric acid and 
hydrochloric add give pH figures of from 4 
to as low as 0.9 . 

We can thus draw up the following 
series (see Table 39, page 74). 

A few examples from the Netherlands 
Indies might elucidate the above series; 
they are mostly taken from the Annual Re- 
ports, I928-I93I1 of the Experiment Station 
for Water Purification at Manggaral, Batavia. 

It was recoded that at the follow- 
ing places for the provision of drinking 
water there was available only "humous 
brown water" with a 

pH of 4.4 at Pontlanak 

" " 4.5 at Ballkpapan 

" " 4.5 at Bagan SI Apl Apl (East Coast of 

Siimatra) 

" " 3.7 at Selatpandjang (Bengkalle). 

All four places are far from all young vol- 
canic activity, and located In low tracts 
where definite bog formations occur. 

Samples from tropical bogs, col- 
lected by J. van Baren In the Netherlands 
Indies, showed a pH of 2.8 to 4.8.^ 

On well water from the following 


h Whoever wishes to go deeper into the general questlonB of weathering should consult, among others, the 
following: F. W. Clarke, The data of Geochemistry, U. S. Geol. Survey, Bull. 695 (1920), 4th ed., Ch. 
XII where also much Important literature is cited. See also: K. Blanck, Chemlsche Verwltterung, Hand- 
^ huch der Bodenlehre II (I929), p. 191-224, who cites much later literature. 

A. J. Oostlng, Landhouw, IV (1928-I929), p. 240. 
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Table 39 


REACTION OF NATURAL WATERS 


No. 

1 

2 

3 

4 

5 

6a 

6b 

7 

Nature of 

Crater 

Humous 

Water 

Pure 

Water 

Water containing 


the water 

water 

water 

contain- 

water 

contain- 

Soda 

Sea Water 




Ing CO 2 

(rain 

ing lime 

Without 

With 





water) 

and CO 2 

Humus 

Humus 


pH 

0.5-4 

3-5 

4-6.5 

6 . 5-7 

7 - 8.5 

7-8.5 

7-8 

about 8 


places the following acidities were deter- 
mined : 

pH of 5*5 at Pangkal Plnang (Banka) — granite 
and sandstone 

" ” 5*7 at Muntok (Banka) — granite and 

sandstone 

" " 5*7 at Manggar (Billiton)— granite and 

sandstone 

" '* 5* 5-5*7 at Padang Sldempoean 

" " 5*5 at Si Boeal near Ballge — liparlte 

" " 5*9 at Taroetoeng — liparlte 

" " 5.7 at Pandeglang — Bantam tuff 

Where the rocks are on the acid 
side, the well waters are thus also appar- 
ently so. If on the other hand one locks 
at the wells in the more basic andesite 
tracts : 

pH of 6 . 2 - 6. 3 --Malang — andesite and basalt 

6. 5- 6. 7 — Oemboelan Spring (East Java) — 

andesite and basalt 

6. 5 - 6. 8 — Kota Batoe on Mt. Salak — 

andesite 

6.4 -Taslkmalaja— andesite 

6.8 — Takengon — andesite 

6.5 --Pengalengan— andesite (Much free 

CO 2 ) 

7.1 — Poerwakarta — andesite and basalt 

then in general these do not fall below 
pH ^ 6 , and thus are neutral to weakly 
acid. According to H. A. Middelburg^ 
fresh ash from the Merapi, collected at 
Klaten in Dec. 1950, gave, in water sus- 
pension, a pH of 8 . 9 ; in spite of the fact 
that there could not be present any cal- 
cium carbonate, it ay^pearod to have a very 
alkaline reaction. A somewhat older ash 


soil, but still yet very juvenile, gave a 
pH of 7 . 5 * However these reactions were 
determined in water in the absence of car- 
bon dioxide. 

Figures for river waters , which may 
in a certain sense be considered as rock 
extracts, likewise show a connection with 
the petrographic nature of the drainage 
basin: 

I) Jamb 1 river — hinterland: old, acid formation, 
acid tuff — pH 6.0 

TJlllwoeng— hinterland: already quite extensive- 
ly weathered andesite — 6.4- 7 .I 
Lematang (Lahat) hinterland: older and younger 
tuffs, also limestone— pH 7*0 
Bran tas— hinterland: young ash and marls— pH 

7 . 8-8 . 2 

The water of the artesian wells is 
more alkaline, the closer the wells are 
located to the sea, where the water origi- 
nates from calcium containing layers, es- 
pecially the marine tuffs; sometimes there 
is but little lime in the water, but then 
there is more sodium carbonate (for example^ 
at Batavial ) . 


Artesian water 

of the plain of 




Bandoeng — 

pH 7.0 


It 

" Loeboe Pakam (Suma- 




tra's East Coast) — 

7.3 

ti 

M 

’’ Tandjong Prlok— 

" 7 . 3 - 7 .' 

" 

II 

" DJambl — 

" 7.6 

It 

It 

" Lho Seumaweh (Atjeh) 

’• 7 . 3 - 8 .? 

It 

" 

" Tandjong Balol (Su- 




matra's East Coast)- 

1 

CD 

1 ) 

It 

" Padang (Sumatra's 




West Coast) — 

" 7 . 6 - 8 .V 


3 . H. A. Mlddelburg, Dies. Wagoningen, (June, 1952). 
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Thes© ©xamples should, be adequate 
for the present purpose, that Is, to show 
that weathering liquids of very divergent 
degrees of acidity are active In the Neth- 
erlands Indies. Nov let us examine how 
those different liquids act upon the^varj - 
0^3 nilperals which were summarized In the 
diagram (Fig. 1, page 7). 

***** 

1. i^uar 1 2 does not dissolve In 
pure water. It remains unaltered, as also 
In water containing carbon dioxide. On the 
contrary--quartz even grows when It comes 
In contact with water containing silicic 
acid. In crater water, also, accretion 
occurs, and. If the precipitation of silic- 
ic acid p^roceeds too fast, a covering with 
chalcedony or opal takes place which In 
the course of a very long time can crys- 
tallize Into quartz. 

In an alkaline medium, as In water 
containing sodium salts of weak acids such 
as boric acid, silicic acid, and especi- 
ally carbonic add, quartz Is attacked and 
very weakly dissolved, though more strong- 
ly with higher temperatures. The liber- 
ated dlhexaeders of quartz resulting from 
the complete weathering of quartz dlorlte 
whlcfi, for example, Is to be found In Java 
at Tjlemas, south of Radjamandala, In 
South Solo, and In the southern mountains 
to the south of the plain of Malang, are 
all more or leas rough through natural 
otchlng by the alkaline liquid originating 
from the breaking down of the calcium so- 
dium feldspars. If such an alkaline re- 
acting? liquid (pH greater than 7) Is acld- 
iried by carbon dioxide or organic acids, 
developed or present In decomposing organic 
materials (bogs, tree trunks) then the si- 
licic acid again precipitates as opal, 
vhlch later becomes transformed Into chal- 
cedony or quartz (petrified wood In Bantam 
and Djajnbl, Java). 

In short --at loss than pH 7 quartz 
Is resistant while It dissolves very 
slightly at a pH greater than 7.h. The 
same applies to the other crystallized 
torms of silicic acid such as chalcedony, 

'^nd In some andesites, such as trldymlte. 

***** 
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2. The feldspars . --These Important 
minerals both In petrography and In soil 
science form a group which In addition to 
exhibiting a number of points of • similarity, 
are very different In crystallographic, 
physical, and chemical characteristics. 

Formerly, It was supposed that each 
sort of feldspar had Its definite kind of 
molecules, which were unalterable and ar- 
ranged In the crystals In a definite manner 
In a network or lattice. The nature of 
these molecules was premised as primary, 
and the physical and crystallographic char- 
acteristics were accepted as the conse- 
quence of the nature of the molecules. 

During these times the feldspars caused 
serious difficulties. 

Potassium feldspar, which is called 
orthoclase whenever It Is met with In old 
rocks; but sanldlne, whenever It is found 
In younger volcanic rocks, answers to the 
empirical chemical formula: KAlSlsOa; 
while calcium feldspar, anorthlte, has the 
formula: CaAlaSlsOa. The difference Is so 
great that one might suppose an entirely 
different molecular structure, and conse- 
quently, besides a different chemical be- 
havior, might presuppose crystallographi- 
cally, for example, a preclusion of Iso- 
morphy. This proved to be the case; ortho- 
clase Is monocllnal, while anorthlte Is 
trlcllnal. Now however, alblte, (sodium 
feldspar with the formula NaAlSlaOs) close- 
ly connected chemically with potassium 
feldspar, according to the old lav of 
Mltscherllch ought to be Isomorphic with 
orthoclase, and also ought to be mono- 
cllnlc. These statements, however, do not 
tally with the facts; on the contrary, al- 
blte, In spite of the entirely divergent 
molecular formula, appears to be completely 
Isomorphic with anorthlte. While chemical- 
ly, on the other hand. In so far as both 
alkali feldspars weather much more slowly 
and apparently In a different manner than 
calcium feldspar, alblte corresponds more 
with orthoclase. 

Since about 1925, thanks to the 
X-ray Investigation of crystals,'^ radical 
modifications of the earlier conceptions 
have occurred. In a certain sense there 
has been an entire abandonment of "mole- 
cules” and of "crystal molecules," which 


'• In a lecture (28 Nov. 1951) In the CJeologlcal Section of the Mining and Geological Society, of which 
an author’s abstract appeared in: Geol. en Mljnb, No. 19 (l Jan. 1952), J. M. Bljvoet gave a survey of 
these Important revolutionary Ideas, connected with the names of: W. H. von Laue, and W. L. Bragg, 

V. M. Goldschmidt, followed by a number of other enthusiastic researchers. 
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were previously thought necessary in order 
to hulld up the crystal lattice, wherein 
the molecules were supposed to be oriented 
In a definite symmetry. At present, on 
the basis of the empirical data of the X- 
ray analysis, crystal lattices are con- 
structed, or, using the more modern phrase- 
ology, equilibrium bonds directly connect 
the atoms (ions). In just the last few 
years It has been possible to determine 
with more or less certainty for a number 
of silicates the method of linkage by which 
the atoms are built up Into crystals.^ It 
Is unfortunate that the minerals such as 
the feldspars and kaolin, In which we are 
particularly Interested, are not yet 
"ready"; therefore at present we cannot go 
fully Into details regarding these Investi- 
gations. But so much has already been set- 
tled that It Is admitted that in all sili- 
cates each silicon Ion Is surrounded by 
four oxygen Ions In a tetrahedral arrange- 
ment. Further, that the four following 
groups of silicates can be differentiated: 

a) Llnakges, wherein each 0-lon 
belongs to only one 31; all SIO4 groups 
are thus Independent; they are electro- 
negative and are mutually connected by 
electro-positive metallic Ions, spaced In 
all directions. Such crystals have there- 
fore, no direction of fracture easily de- 
termined In advance (garnet, for example). 

b) Linkages, wherein In one direc- 
tion SIO4 groups are held together by a 
common 0-lon. They thus form chains or 
strings of Indeterminate length. The crys- 
tals then form threads, filaments, or 
needles, of chaln-llke structure and with 
the consequent tendency to spilt, such as 
pyroxenes, amphlboles, and asbestos. 

c) Linkages, wherein the 3104 
groups are repeatedly connected with three 
others and thus form a network In planes, 
membranes or leaves of Indeterminate dimen- 
sions; these are then mutually united by 
metallic Ions which lie In between. 

d) Linkages, wherein the 3IO4 
groups have all their O-lons united with 
other 31 Ions. There Is then no tendency 
to spilt along any special line or plane; 


this Is why quartz, for example, has no 
planes of fracture. 

# * * * * 


Now In weathering, these linkages 
have the following significance: If It Is 
taken for granted that the 31-0-31 linkages 
are so strong that they are attacked only 
by drastically strong reagents, while 
weathering processes are not able to at- 
tack them or only with difficulty: 

With a) the weathering can pene- 
trate in on all sides between the groups 
with a 31 nucleus; but whether or not this 
succeeds depends upon the manner of link- 
age. Anyhow there Is no preference as to 
direction. 

With b) , the weathering (hydroly- 
sis) will probably be able to penetrate In 
the direction of and along the chains. 

Then If the metallic ions lying in between 
are replaced by H, the crystals are then 
often disintegrated Into fibers (for ex- 
ample, serpentine). 

With c) , the leaves remain, but 
are more or less loosened from each other; 
the weathering penetrates, as it were, as 
water Into a bundle of sheets of tin, so 
that upon disintegration there are obtained 
scales rather than filaments, and finally 

With d) , the permanent net connec- 
tion remains. Quartz has no metallic Ions 
replaceable by H, and only by very drastic 
reagents can the lattice be attacked. 

Now let us return to the feldspars: 
Although the structure has not yet been 
fully explained nor definitely established, 
so much ha^ already been found that one 
might say that the feldspars most probably 
belong to type c mentioned above. Here 
the relationship with scaly micas and kao- 
Unite Is evident. But It has further been 
found that to a certain degree A1 can re- 
place 31 in the "frame" and Is then also 
surrounded tetrahedrally by four O-lons. 

Yet unlike 31, Its electric charge Is then 
not four, but only three. Now whenever in 
Na-feldspar one equilibrium linkage Is 


5. Compare, fcxr example, W. L. Bragg, The structure of Blllcatee, Z. echr. f. Kirist, Jhj (l950); P* 257- 
505, where are Important references to the literature. 
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built up, then this can he maintained, as 
soon as one 31'''* Is replaced by one Al"', 
provided then at the same time one Na', Is 
replaced by a bivalent Ion as Ca'', so that 
electrical equilibrium remains. Further, 
this replacement Is therefore possible In 
the lattice, because the volumes of the Na* 
and Ca'* Ions do not differ so much; the 
ray of the Na* Ion Is viz. 0.98°A, that of 
the Ca' ' 1.06^A. On the other hand the 
ray of K Is 1.33°A; the K' Ion Is thus evi- 
dently ’’too thick” to be able to take the 
place of the Na'; the potassium feldspar 
must therefore look for a different equi- 
librium bond, one with Its own character** 
Itstlcs . 

This explanation, which even today 
la still hypothetical, does seem to explain 
the crystallographic characteristics of the 
three feldspars, but there Is still some- 
thing more to be said. What must still be 
explained Is why Na feldspar Is chemically 
so much more closely related to K feldspar 
than to Ca feldspar. 

With pure hydrolytic weathering 
both alkali feldspars give kaolin, while It 
Is doubtful If calcium feldspar does; in 
fact there are Indications that calcium 
feldspar does not give kaolin at all . (We 
shall return to this on page 80) . Now If 
we accept the theory that In the linkages 
of 3 31, there Is only one Al, the linkage 
remains, while whenever, as In calcium 
feldspar, 2 31 have 2 Al, the bonds are not 
resistant against hydrolysis and break 
down. Then It seems that the difficulty Is 
overcome with the just mentioned newer crys- 
tal conceptions. But If one then realizes 
that kaolin with the empirical formula: 
H4AI23I2O9 originates from alkali feldspar 
(M.AI3I3O8); the kaolin has exactly that 
combination Al23i2, and since kaolin is the 
most resistant against hydrolysis, then we 
are again faced with contradictions. 

In the last few years Interesting 
investigations have been carried out by 
various American researchers, from which 
it appears that In many cases the composi- 


tion of "kaolin” Is not so simple as was 
previously supposed. Though It was known 
that now and then kaollnlte crystallized 
out from clay, earlier It was held that 
’’clay” was amorphous. In two different 
ways, first from studies of double refrac- 
tion"^ of the very fine clay particles and 
second from Investigation with the aid of 
X-rays, It now appears that the clay is, 
for the greater part, crystalline. The 
defraction figure of the crystal lattice Is 
dependent only upon the part of the clay 
which behaves as an acid, called the "acid- 
old” and Independent of the absorbed cations. 
On these grounds the small minerals may be 
divided Into three groups: 

1. the kaollnlte group, to which there 
belong, besides kaollnlte: 

halloyslte (AI2O3 • 2SIO2 • PH^O) 
anauxlte {AI2O3 • 3SIO2 • 2H2O) 
beldelllte® (AI2O3 • 3 or more SIO2, 
about 4H2O) 

The last frequently contains Fe203, 
partially replacing AI2O3, thus as an Iso- 
morphic admixture of nontronlte (Fe203 * 

3 or more 310p • about 4H2O) 

2. Montmorlllonlte {Ca, Mg) 0, AI2O3, 
about 43IO2, about 3H2O 

For l--the refractive Index Is 
about o r= I.56I; - T = 1.567 and for 2-- 
the refractive Index Is about a = 1.495, 

- T = 1.520 (free from Iron.') 

Whenever Iron oxide is taken in, 
as in the minerals beldelllte and nontron- 
ite, then the refractive Index Is much 
higher . 

According to the Investigations 
mentioned. It appears that not kaollnlte, 
but beldelllte and montmorlllonlte arc the 
most frequently occurring "clay minerals. 
Without desiring to contradict this, we 
would like to point out that In the 


6. C. S. Robs, The mineralogy of clays, Proc. First. Intern. Congr., Soil Scl., (Waehlrgton, D. C., 
1927), p. 555 . Cf: E. John Russel, Soil conditions and plant growth (1952), p. I?!- E. T. Vlierry, 

C. S. Robs and P. F. Kerr, Coll. Symp. Ann., 7 (1950), p. 191* S. B. Hendricks and W. H. Fry, Soil 
Science, 29 (1950), p. 457* 

7 . C. E. Marshall, The orientation of anisotropic particles in an electric field, Trans. Farad. Soc., 26, 

pp. 173-186. 

8. This name comes from Larsen and Wherry, Journ. Wash. Acad. Scl., 1^ (l92t), p. 466. 
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researches referred to more material of the 
temperate zones of the earth than of the 
tropics was investigated; here in the 
tropics it might be quite different, though 
the findings may apply equally well. Spe- 
culations as to these points are valueless; 
one simply must investigate.^ 

But however this may be, one thing 
is here worthy of recording and it is this: 
through direct observation small crystal - 
line minerals, in part cryptocrystalline , 
have been demonstrated in the fine frac- 
tions of all kinds of soils. Even recently 
many researchers supposed such fractions to 
consist only of amorphous colloids in the 
form of a colloidal mixture of silicic 
acid, Iron oxide, and aluminum oxyhydrate , 
all three in gel form .*^ To suppose that 
there exist in those small crystalline 
minerals nuclei which are resistant to the 
weathering agents thus seems to somewhat 
lose Its speculative character and it ap- 
pears by no means improbable that, when 
more is known of the crystal lattice of 
the small minerals, as well as of that of 
the minerals present in the Igneous rocks, 
the different behavior during weathering 
of alkali feldspars and calcium feldspars 
will then be better elucidated. 

An important point will then be 
whether by means of that structure it will 
also be possible to explain how In the for- 
mation of kaoline from alkali feldspar, 2h 
of the silicic acid can be washed out, 
while 1/3 remains behind in the kaolin. 

If this observation, which perhaps is still 
somewhat inadequately substantiated, will 
with further research be established as a 
firm, generally accepted fact, then with- 
out doubt we will know whether to admit 
that the feldsp^ar Si la in two forms or 
whether upon weathering a complete destruc- 
tion of the feldspar bond is Instantly fol- 
lowed by the building up of the new kaolin 
linkages. The latter must then be entirely 
different from those of the calcium feld- 
spar, because although both possess the 


group Al23i2# kaolin is very resistant 
against weathering, while anorthite is just 
the opposite. 




Proceeding from the hypothesis 
which, as already stated, ought to be 
proved experimentally somewhat more con- 
clusively, namely, that hydrolysis of alka- 
li feldspar gives kaolin and free silicic 
acid, while on the other hand calcium feld- 
spar gives free aluminum hydroxide (hy- 
drated gel or sol) and free silicic acid 
(also hydrated gel or sol), there now fol- 
lows consideration of the course of the 
weathering of the feldspars as affected by 
the action of the above-named (pages 72-74) 

7 weathering liquids . 

We may begin with the action of 
pure water . Water hydrolyzes directly; K 
or Na atoms are liberated, H atoms are taken 
in. It is now no longer a question whether 
for this to occur, it is necessary that 
first a whole "molecule” of feldspar must 
go Into solution in order to split up. 
Formerly that was believed to be the neces- 
sary condition to bring about chemical re- 
actions. At present we know that it is not. 
necessary for this to take place, because 
chemical reactions can occur on the surface 
of solid substances in contact with a liq- 
uid; and exchange of certain ions, for ex- 
ample, such as H’ with K' or Na’ can occur 
until a definite concentration of metallic 
ions is built up in the liquid. 

Whether the 2/3 of the silicic 
acid, which was mentioned above goes 
into solution also as ions, for example 
as SiOa, rather than as undissociated 
molecules, has not yet been clearly made 
out; only this is certain: that silicic 
acid enters the liquid, though perhaps not 
so readily as K or Na ions. Further there 
occurs a reaction between the dissolved K 


9. Hofis makes the following statement, which is still very generally held: "It Is evident, that there 
a relation between the type of clay mineral and the climatic or other physical conditions under vhic.n 
it is formed. .. .Preliminary studies Indicate that more aluminous clays are likely to develop where 
weathering is deep and profound as in the southern states, and the more slllcoous ones where weather- 
ing is loss profound." ( L. c ., p. 9^d.) 

10. Cf. for example, HarrasBowltz in "Boden der troplschen Poglonen, " Handbuch der Bodonlehre III (195^^) > 
p. 562. He there speaks of: "A complete cleavage of the molecule (during weathering) when silicic 
acid and alumina are completely separated,...." 
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and Na ions and the dissolved, although 
lerhaijs, at first, not dissociated silicic 
acid, in this manner: 

0H‘ + SlOs = K+ + + StOa" + HgO 

thus it is to he expected that next to the 
K Ions SiO? will appear; so that K or Na- 
alllcate in true solution, as ions, is 
found in the liquid. As carbonic acid ap- 
pears in the field, however, the silicic 
acid is again pushed back into the un- 
dlssociated form. (More about this later.) 
Phase various points can be clearly demon- 
strated by dialysis. 

What happens to th(3 residue of the 
feldspar robbed of the K or Na, as well as 
of the SiOg? Perhaps it is not necessary 
for this to go first into solution in the 
liquid, in order afterwards to precipitate 
out from it as undissolved, solid kaolin; 
[resumably it simply remains behind as in- 
aoliible kaolin. This kaolin would exist as 
a cryptocrystalline colloid, with true 
colloidal properties such as the power of 
adsorption of ions, both metallic and hy- 
drogen ions.^^ If we accept the above to 
he the case, then directly u; on or after 
the formation of the residue, it at once 
acts as would an insoluble kaolin, absorb- 
ing K or Na ions and releasing H ions. 

There is thus left over from the 
feldspar: undissolved kaolin, to a certain 
degree absorptively saturated witli K or Na 
ions, and in the solution free alkali or 
dissociated alkali, silicate and perhaps 
hIso free undl ssoclated silicic acid. Be- 
sides that, undissolved silicic acid in gel 
torrn may remain over at first or when tiiere 
is little liquid. 

If now the water is cont-inually re- 
placed by fresh iortions^" then the dis- 
solved constituents go away with it; any 
undissolved silicic acid, if there be any, 
und the kaolin- remain behind. As tlie kao- 
lin layer around the undecomposed feldsjar 
•ccomes thicker and more inhibiting, the 
llusoclation of the feldspar, wiiile it can 


continue uninterruptedly, will be slower 
and slower in proportion to the thickness 
of the kaolin layer; consequently. in a con- 
tinually scoured river bed there can take 
place perhaps in days or weeks, a process 
which in a quiet undisturbed place might 
require years or oven centuries. 

Finally the feldspar is dissolved. 

If the water continues to circulate then 
the concentration of alkalies will continue 
to decrease and the absorbed alkali ions 
will be slowly but certainly leached out 
from the kaolin and replaced by H. Now 
with this is connected a new phenomenon: 
the pure kaolin, only containing hydrogen, 
changes from the gel state into the sol 
state, and becomes movable. It goes on 
with the water to some other place and 
finally none of the original alkali feld- 
spar is left. 

There are thus carried away to 
some other place: alkali and silicic acid 
in the ionic form, then silicic acid in 
undissociated form and perhaps also as a 
sol, and finally kaolin In the sol state. 

If the latter is carried into some place 
where the sol again becomes unstable, then 
the sol precipitates again as a gel, as 
for example in a kaolin layer. 

Now, whenever the pure water con- 
tains more or less carbonic acid , what 
happens? --As lon^c as the pure water 
carries away alkali in solution, whether 
or not the alkali is combined with SiOs, 
the reaction is alkaline, i.e. the pH is 
higher than y. If COif enters into the so- 
lution, then the ]'}H is lowered, to 7 (neu- 
tral) and to as low as 7 (moderately acid). 
The Importance of this is that the alkalies 
are more soluble in carbonic acid solution 
than in pure water; that the kaolin will 
be less saturated with absorbed alkali ions, 
and that the silicic acid on the one hand, 
if in an alkaline medium is carried away 
in the ion form, and on the other hand, if 
In a more acid medium there is less of a 
tendency for its transformation from gel 
to sol form, and more remains behind. And 


To hero take up at length the whole "double ion mantle theory" would take ue far too fai’ afield; for 
biie wo refer the reader to the Handbuch der Bodenlelire, 522, and a nivnber of other publications; 
those of Kappen, Wiegner, etc. 

W’nen, such as in deeper layers of rock, that replacing by IVesh water takes place very slowly, or al- 
not at all, through the Interaction of the constituents In solution there can crystallize as 
Intermediate stages all sorts of "zeolites," some wltli a lattice or bonding from which kaolin minerals 
later originate, others wltli wJilch this does not take place. 
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finally, although It I 3 more rapidly lost 
In that medium, the kaolin also will be 
less Inclined to go over from the gel Into 
the sol form, In an acid medium. In compo- 
sition the final product will be an unde- 
termined mixture of the two gels, namely 
kaolin and silicic acid. Then after a very 
long time the fully leached-out kaolin 
crystallizes to larger scales or plates of 
kaollnlte ; the silicic acid becomes chalce - 
doney and quartz . 

As to whether In pure water or In 
water containing carbonic acid the kaolin 
will be split up Into alumina and silicic 
acid, has never been proved nor even shown 
to be probable. In those cases wherein one 
apparently observes a dispersion of silicic 
acid and alumina, another explanation (see 
further onl ) Is much more likely. 

Whenever humous water acts upon 
the alkali feldspars, that water as a rule 
also contains carbonic acid, but the acid 
humus materials lower the pH still more 
than does the COg* Saturated only with COg, 
water cannot go below pH 3-8^:), but humous 
bog waters In the Netherlands Indies ex- 
hibit pH figures which fall to while 

In suspensions of peat bog soil, figures as 
low as 3 to 2.8 have been established.^^ 

The consequence of this Is that the alkalies 
are more rapidly washed out than with CO 2 
alone, the kaolin will be poorer In alka- 
lies and richer In H, and there Is afforded 
still less opportunity for a change from 
the gel state over Into the sol. Mom^"^ de- 
termined that the clay colloids occurring 
In natural (river) waters remained In the 
sol form even during repeated acidifying 
to as low as pH 4, but In every case acidi- 
fying to 5 coagulated the colloids to solid 
gel floccules. Also In this case there Is 
no further question that the reversal of 
the effect will occur. In addition, less 
of the silicic acid, as with kaolin. Is 
carried over Into the sol form and hence 
less Is carried away. Also because of the 
stronger carbonic and humus acids, It has 
no chance of going Into solution as Ions. 
The result Is the same as that produced by 
water containing carbonic acid, but more 
permanently and more easily. 

The crater water which sometimes 


contains as much as several per cent of 
free hydrochloric and/or sulfuric acid, 
which gives an acidity or pH of about 1 
down to 0 . 3 , Is really no longer an ordi- 
nary weathering water; It Is a strongly 
acid liquid of exceptional nature. Conse- 
quently It attacks the feldspars differ- 
ently: This acid water extracts all alka 
lies quite rapidly and through solution of' 
the aluminum as sulfate leaches the kaolin 
nucleus, while the silicic acid which Is 
separated out of the kaolin Is that slllcl 
acid that above Is differentiated as the 
2 / 3 ^ of the total silicic acid which Is 
dissolved out. In this Intensely strong 
acid liquid the silicic acid Is, however, 
no longer entirely Insoluble; at least not 
at the Instant that It Is formed; there- 
fore the crater water which flows off 
carries with it appreciable quantities of 
SlOjf, although It Is yet uncertain as to 
which form It exists In. Certainly not 
the usual 3102 Ions; perhaps It Is as a 
- or + "charged" SlOs sol. If 3102 Is 
once precipitated from the solution and 
becomes solid and dehydrated, then It Is 
practically Insoluble In the acid; It Is 
because of this that in craters and around 
solfataras one finds so much silicic acid 
as silica sinter. (Such silica is often 
mixed with sulfur.) 

Willie we have been speaking of 
what happens to the alkali feldspars In 
neutral to acid weathering liquids, we 
will now discuss the calcium feldspars , 
the anorthite as well the {)laglocla 3 e 
series. We have already proposed the hy- 
potheses (page 77 ) that calcium feldspar 
upon hydrolysis should not give kaolin, 
but rather, besides calcium Ions, dehy- 
drated aluminum hydroxide; the latter two 
products might occur either In sol or gel 
form, or In true solution. Now since cel- 
clum feldspar, In so far as It occurs In 
plagloclase or even In orthoclase, behave:; 
In the same way, we arrive at the follow! :• 
cases : 

In pure water calcium leaches ou! , 
and raises the pH above 7* If both sill 
acid and alumina are dissolved In the al- 
kaline liquid, then at relatively high 
concentrations they precipitate out. 


13 . Cf. A. Kortlevo, Arch. Rub. Cult., 1^ (1928), p. 6 IO; W. A. J. Coating, Landbouw IV, p. 2lu). 

14. C. P. Mom, Coagulatloproc. b/d zulverlng v. drlnkw., Meded. Burg. Geneoak. D. In Netherlands Indie, 1 

( 1925 ), p. 41-43. 
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forming the difficultly soluble and often 
H-contalnlng calcium silicates (zeolites). 
The reaction then again becomes almost 
neutral and the aluminum hydroxide remains 
behind, vhlle a part of the 3 IO 2 disap- 
pears. But In case of the dissociation of 
plagloclases, Na and perhaps also K Ions 
In the solution are present as well as In- 
soluble kaolin. The latter can absorb Ca • 
Ions, which come Into action from the free 
silicic acid, and, If the reaction Is 
fully alkaline, from the alumina also. 
However, the silicic acid is more effec- 
tive In this respect than the alumina. 

If the penetrating water contains 
dissolved carbonic acid, which at low con- 
centrations depresses the pH to 7 or 6, 
and at stronger concentrations from 6 to 
then calcium Is considerably leached out, 
vhlle alumina and silicic acid are to a 
smaller degree. It Is apparent that when 
pH figures are between about 7 and 3*5 
silicic acid is leached out, but aluminum 
hydroxide is not, probably because none is 
present. For Mom^^ has stated the "prac- 
tical limits of the possible existence of 
aluminum hydroxide are between pH b and 7*'‘ 
The degrees of acidity concerned are such 
that even alumina coagulates out of the 
sol form; hence the solution of precipi- 
tated alumina need not be expected. The 
result will thus be that: the calcium, ex- 
cept that part of It which Is absorbed by 
the kaolin resulting from the weathering 
of the plagloclase, goes again into solu- 
tion as the bicarbonate; the alumina re- 
mains behind as a gel; the silicic acid, 
perhaps originally present for a long time 
as a gel, yet goes away as a sol. If SlOs 
is gone then there are left only kaolin 
(meanwhile de-based) and alumina. If now 
the C 02 content In the water becomes less, 
then the pH rises to between 6 and 7 and 
the kaolin can disperse and leave as a sol; 
the final result is nothing else but hy- 
drated AI2O3, perhaps In part crystallized 
a3 hydrargllllte (= glbbslte) or as dia- 
apore. 

If we now follow the action of 
kumous water with a pH of 5 to with 
I’eference to the calcium nothing new 
arises. With the AI2O3, however, some- 
thing different does happen: if the pH 
falls below 5, then the AI2O3 goes into 

* P* 


solution, originally as a sol, but ere-long 
as A 1 Ions. The strength of this solution 
Is proportional to the acidity of the liq- 
uid. Besides this acidity of the humous 
water. It Is Important to note that electro- 
negative humous particles (micella) occur 
in It. Now where the alumina micella are 
electro-positive, they will attract the 
humus micella; the latter will then envel- 
ope, or perhaps better said, surround the 
particles, and through their strong charge 
"transfer the charge" and, acting as a 
"protective colloid," hinder their floccu- 
lation; In other words, if an alumina mi- 
celle gets into the liquid, it is made 
permanent as a sol and protected against 
flocculation or precipitation. Since the 
AI2O3 as a sol is attracted by the humus- 
sol, the AI2O3 gel goes over gradually into 
the sol condition and from its original 
place disappears with the liquid. Silicic 
acid is, however, negatively charged when 
it comes into the liquid as a sol, hence 
it is repulsed by the humus sol micella. 

The result is that there Is no protective 
action. Si 02 cannot dissociate to an im- 
portant degree in the presence of very 
acid humus acids, hence for the greater 
part silicic acid remains behind, or at 
least It dissolves very much less rapidly 
than at pH figures of about 6 to 7* The 
result Is that in this case the silicic 
acid, not the alumina, remains over. The 
kaolin, too, remains behind because those 
particles are also negatively charged. 

Yet It appears that the "charge" of the 
kaolin can to a certain degree be also 
"transferred" and protected by the humus 
acids. However, this cannot be of great 
importance because, as we shall see, it is 
in bog tracts under the peat where as a 
rule more or less silicic acld-contalnlng 
kaolin Is found. 

In crater water with its strong 
acids, the calcium feldspar undergoes, 
probably more rapidly, the same decomposi- 
tion as the alkali feldspar. Calcium and 
alumina go into solution as Ca and A1 ions, 
and silicic acid for the greater part re- 
mains behind continually becoming more re- 
sistant, in proportion to its degree of 
dehydration. 

Let us now turn to the weathering 
liquids with a pH greater than 7 , that is 
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the waters which have an alkaline reaction . 

If while flowing through lime- 
stone, water, containing carbon dioxide, 
becomes saturated with calcium and there- 
fore has its pH raised, then that pH can 
increase to 8.4 as a maximum. However if 
water without the aid of free CO 2 is satu- 
rated with CaC03, then, even at low concen- 
trations the pH can rise to 10.2. In na- 
ture, however, it Is extremely seldom that 
such water actually occurs. Such water, 
acting upon feldspars, is unable to leach 
out from the calcium feldspar any or at 
most not very much Ca. From the alkali 
feldspar however K or Na is removed in the 
ionic form and Ca is left in place of them. 
If, however, Liie concentration is lower, 
then the alkali feldspar, when once at- 
tacked, decomposes more rapidly. Thus with 
a pH higher than 7, in addition to Ca, one 
obtains also K and Na as ions in the liq- 
uid, and also kaolin from the alkali feld- 
spar, which is saturated with K and Ca 
ions. Also one obtains silicic acid, which 
ionizes, and finally alumina, which acts as 
an acid, as well as acid ions (aIOs or 
AlO.O"). The more CO 2 present in the water, 
the more tnc alkaline reaction is reduced; 
the pH falls to about 7 and sometimes even 
lower. The principal change in the weath- 
ering picture with tiie lowered pH is that 
less and less AI 2 O 3 and finally none at all 
goes Into solution, while silicic acid is 
dissolved and carried away. 

If with respect to the Ca ions, 
such alkaline water possesses relatively 
much K and/or Na ions then whenever such 
water circulates through alkali feldspars 
and there takes up new K and Na ions, cal- 
cium is still separated out as calcium 
carbonate; but from alkaline liquids kao- 
lin can also absorb Ca and therefore liber- 
ate K or Na.^^ From the experiments of 
Bradfleld and Cowan one might conclude that 
from an alkaline, Ca-containing soil liq- 
uid, m.ore Ca would be absorbed as the pH 
bocom.es higher, while the leaching out of 
K and Na would not bo much affected by the 
[I{. On the contrary, alumina is leached 
out with a iH less than 4.p and greater 


than 8, while the silicic acid, at pH 7.8 
to 10, practically remains Insoluble, yet 
dissolves at pH 7 or lower. The latter 
phenomenon appears strange, and not in 
agreement with other experiences. Only 
the greater tendency of AI2O3 than of SiO^ 
to disappear with strongly alkaline and 
strongly acid liquids, and the stronger 
disappearance of SIO2 along with the immo- 
bility of AI2O3 when the pH values are 
between 4.8 and 7*8 Is in full agreement 
with what was stated above. 

From some artesian wells In the 
Netherlands Indies flows alkaline water 
which is colored strongly brownish by the 
organic materials present in it. The an- 
alysis shows p)H figures between 7*8 and 
8.8, and in addition to considerable so- 
dium carbonate and bicarbonate, a notable 
amount of 3 IO 2 but no AI2O3. This 3 IO 2 
may be present as an ionized Na-salt, but 
may be also in sol form, the organic ma- 
terial serving as a protective colloid. 

The analyses recorded by Mora,.^® however, 
make it clear that the latter is of no 
Importance, since the quantity of 3 IO 2 
In Ionic form sometimes greatly exceeds 
the total quantity of organic matter. The 
Na solution thus takes the 3 IO 2 with it 
in ionic form and from the plagioclase 
there remains behind in the soil a Na satu' 
rated kaolin In addition to hydrated alumi 
num hydroxide. 

Let us consider finally the actio: 

3 oa water on the feldspars. 3ea water 
is differentiated from river water and 
other weathering liquids by its high con- 
tent of NaCl, besides which there are pres- 
ent KCl, CaCl 2 and MgCl 2 , as well as sul- 
fate ions, though all the latter are pres- 
ent to a lesser degree. The pH Is from 78 - 
to 8.4, thus sea water has an alkaline re- 
action. Now a peculiarity is this, that 
while on the land the plagioclase as a 
rule weathers more rapidly than orthoclasfu 
In sea water the reverse seems to be the 
case, especially in connection with the Nft- 
rich and Ca-poor sorts of plagioclase. 

Thus those that closely approach alblte, 
can remain bright and fresh in sea water, 


16. Cf. H. Ka.'gen, Handbuch dor Bodonlel'ire VIII, 

17. Cf. Hflndbuch dor Bodenle’nre VIII, whoro there lo a reference to; R. Bradfleld and E. W. Covan, 

Tiie effect of the hydrogon-lon concentration upon the abaorptlon of calcium by a colloidal clay, Soli 

Scl., £4 (1917), n. 168. 

18. C. Mom, JaarvorBl. Proefst. H'lnggaral over p. 27. 
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while the K feldspar becomes definitely 
clouded and weathers. That Is not to be 
wondered at when one considers the high 
concentration of Na ions In sea water as 
compared with the amounts of the K and Ca 
Ions; therefore the possibility of exchange 
for Na Is small In the feldspar, but the K 
and Ca of the feldspars are much more easi- 
ly exchanged for Na from the rich supply. 

So the exchange does not appear to take 
place, for In and near to the calclum-rlch 
feldspars there often forms calcti;m carbon- 
ate. And what Is more Important Is that 
whenever such feldspars, which have been 
exposed for a long time to the action of 
aea water, come "above water" and are ex- 
posed to fresh water, then the K- and Ca- 
rlch feldspars are quickly weathered'away , " 
while alblte and Na-rlch ollgoclase still 
appear completely fresh. If, on the con- 
trary, a granite containing orthoclase be- 
sides considerable calclum-rlch plaglo- 
clase, weathers In a humid, tropical cli- 
mate, then the latter Is rapidly weathered, 
since through the disappearance of the 
calcium In the plagloclase structure, a 
breach Is made and further hydrolysis can 
take place with less hindrance. Apart from 
this action of the cations Na**", and 
Ca"*”*", --(and also Mg'^'^, as we shall later 
see), --the sea water,' through its content 
of salt, Is also significant In another 
way. In the first place since the strong 
salt solution flocculates out all colloids 
as gels, or holds them Insoluble as gels, 
neither kaolin, nor 310£> nor AlpOs can 
assume the sol form. Secondly, In the 
alkaline medium, the gels cannot react as 
acids, or, In other words, since there Is 
no opportunity for a strong saturation with 
H Ions, the kaolin, for example, for the 
greater part will be saturated with ab- 
sorbed K, Na, and Ca Ions. Colloidal sil- 
icic acid cannot exist as such; besides it 
goes over Into other combinations with 
which we will deal later. 

These facts ought to be sufficient 
to demonstrate that under the different 
conditions of weathering mentioned, the 
course of weathering for the feldspars Is 
very diverse Indeedl 

Let us now look at the other 

minerals . 

« # « » « 

C. Mauguln, C. R., ^ (1928), p. 879 and II 5 I. 
"9. J. W. Gruner, Z. f. Krlet., ^ (1952), p. 75- 


The micas . Of these we shall 
first speak of: 

a. Potassium mica , even though In 
the Netherlands Indies this mineral occurs 
In relatively small amounts In the soil- 
forming rocks. In a certain sense potas- 
sium mica occupies an Intermediate position 
between potassium feldspar and kaolin. 

Where the weathering of alkali 
feldspar proceeds slowly, as a rule there 
may be observed scales of muscovite, that 
Is, potash mica, on and In the orthoclase. 
And In the kaolin originated from muscovite 
granite, sometimes the sole lmpurlty--be- 
3 Ides of course the unweathered quartz --Is 
only a little muscovite, less than the 
original rock possessed. This makes quite 
likely the composition as stated. Accord- 
ing to the chemical composition, the musco- 
vite, In comparison with the potassium feld- 
spar, has lost the already-mentioned 2/5 rd3 
of the silicic acid; so that the relation- 
ship 5 31 to 1 A1 has already become 1 SI 
to 1 Al, as Is also the case with kaolin. 

At the same time approximately 2/5 of the 
K has been replaced by hydrogen. Musco- 
vite weathers slowly; Its resistance Is 
the same as that of kaolin; perhaps the 
lattice or the linkages show sufficient 
points of agreement. The Investigations 
of Mauguln^' have shown Important data on 
the subject of the leaf or film structure 
of the micas, and those of Gruner^° with 
respect to the structure of kaollnlte; but 
as yet we cannot speak with assurance of 
the relationships. 

Be that as It may, the fact Is 
that In either case the muscovite also 
goes over Into kaolin, or In other words, 
upon weathering In water with a pH of be- 
tween 7 and b It gives kaolin, which later 
cannot be distinguished from the kaolin de- 
rived from orthoclase. The constituents 
liberated upon the hydrolysis of potash 
mica: the K Ions In solution and kaolin 
with absorbed K Ions,' If any, behave In 
the liquids of different degrees of acidity 
circulating around them, apparently In 
just the same way as If they had originated 
from potash feldspar; hence here nothing 
further needs to be said about them. 
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b. The iron magnesia -micas , the 
30-called dark micas, are found much more 
abundantly In Netherlands Indies rocks. 
Their chemical composition Is very compli- 
cated and variable; numerous formulas have 
been proposed for them, but it is still 
very much a question whether It will be 
possible to express that composition in a 
formula of the sort used until recently. 

We shall therefore not concern Ourselves 
with this, and only state that the micas 
In question, together with silicic acid 
and alumina, contain magnesia and Iron ox- 
ide (in ferrous and ferric forms), and 
besides, at times. Important quantities of 
other Ions, such as K, Na, Mn, Ca, T 1 and 
sometimes LI, and F. Moreover, they all 
contain water (or hydrogen). They weather 
much more easily than muscovite; by hydrol- 
ysis the magnesia and the Iron are quite 
easily liberated from the crystal bonds of 
the mica plates. Now how do magnesia and 
Iron behave (the latter again to be differ- 
entiated Into the ferrous and ferric forms) 
In the presence of the different weathering 
liquids ? 

In some respects magnesium acts 
similarly to calcium; with much pure water 
Mg is washed out In the ionic form, but 
more slowly than the Ca. This is true, 
not because Mg is less soluble than Ca, 
but because Mg so readily forms combina- 
tions with silicic acid and water, such as 
tale and serpentine which are practically 
insoluble In pure water. Presently we will 
come back to this point. 

As the pH becomes lower, that Is, 
as the liquid becomes more acid, for ex- 
ample from carbonic acid, the Mg goes Into 
solution as Mg’’ ions and is carried away; 
thus CO2 furthers the washing out of Mg. 

Now If humus acids come into the picture, 
then this leaching proceeds still faster, 
while In crater water, washing out proceeds 
even faster. In alkaline water the re- 
verse Is true. Then not only the above- 
mentioned hydrated Mg-slllcates will be 
resistant to solution, but also MgCOs. As 
the pH rises above 7 the Mg becomes more 
stationary, more resistant. 

And now as to Iron : As the bi- 
valent Pe*^'*', iron is very sensitive to 
oxidation and whenever oxidation la at all 
possible. It goes over into the ferric 
form. Iron from silicates is not appre- 
ciably leached out in pure water without 


O2 or CO2. If, however, the water contains 
CO2, then the pH falls below 7 and the Fe'*"*' 
goes into solution as ferrous carbonate and 
is leached-away with Mg, Ca, K, and Na car- 
bonates. --If the water contains only O2, 
then the action proceeds very slowly; but 
if there is CO2 in addition to O2 present 
in the water, then the CO2 assists the hy- 
drolysis, which Is directly followed by 
oxidation to the ferric form. But it does 
not continue to exist as carbonate; the CO2 
is again freed and ferric hydroxide remains 
over; the CO2 can again leach out ferrous 
ions, etc. And so with little CO2 and much 
02> ferrous iron can be transformed into 
ferric hydroxide. 

In the kinds of micas containing 
iron, the iron occurs in both the ferrous 
and the ferric forms; and this explains 
the mixed green and brown colors. In the 
case we are considering, in water with O2 
plus a little C02> the mica becomes browner 
and browner, and so long as it preserves 
its crystal bonds, it remains clear. If, 
however, CO2 predominates, more ferrous 
iron leaches out, (which disappears) then 
ferric iron precipitates, and the color 
becomes brighter brownish yellow; Indeed, 
the greenish accessory color disappears. 

But now whenever humus materials 
are present in 'the water, so that cer- 
tainly CO2 is present, but no longer any 
Ozf then not only is ferrous iron leached 
out, but also ferric iron; even precipi- 
tated ferric hydroxide is no longer able 
to resist, for ferric hydroxide behaves in 
just the same way as does the aluminum hy- 
droxide already described above. As the 
pH is lower, the ferric hydroxide allows 
itself to be taken in tow by the humus 
colloids, acting as protective colloids, 
and it is taken away in the sol form just 
as the colloidal alumina was. For the 
mica, the first certain result is that it 
becomes completely bleached, while its 
crystal bonds still remain intact. If 
there were no other optical characteristics 
to make possible the differentiation, one 
might mistake such colorless mica for po- 
tassium mica or muscovite. Especially the 
low, peaty coastal stretches of Sumatra 
provide, here and there, striking material 
for observation of the phenomena as here 
described. Supplementing these observa- 
tions in the form of corresponding chemical 
analyses would without doubt be interesting 
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and of value. 

The bleached mica which hae been 
leached out, robbed of Mg and Fe, Is yet 
strongly attacked, and as a result of hy- 
dration, (not through hydrolysis), falls 
further apart Into small kaolln-llke 
scales. Will they really be kaolin as was 
shown above In the case of muscovite? 

There may also be a question regarding 
one of the other minerals, named on page 
77. Precise, combined X-ray and chemical 
research will have to be used to make sure 
about these points. 




4 . Amphlboles (hornblende) and 
pyroxenes (auglte and hypersthen^ 

Formerly this group of minerals was 
always called and continues to be called 
the metaslllcates, a term derived from 
metaslllclc acid H 23103 * Just as for the 
micas. It Is Impossible to give a satis- 
factory chemical formula for these miner- 
als: however, for the purpose here desig- 

nated It Is not necessary. If we but know 
vhat the different constituents do upon 
weathering. It Is enough. Prom Table 7 
on page 14 we see that many constituents 
can be present In the amphlboles and py- 
roxenes; and not all the elements are 
listed. Considering the broader aspects, 
we observe that, besides SIO2, In the am- 
phlboles, MgO, CaO, and FeO are the most 
Important, but In addition to these there 
also regularly occur Pe 203 , much AI2O3 and 
Na 20 . We note that In the augltes the 
dominant element Is CaO, followed by MgO 
and PeO, then somewhat less AI2O3 than In 
the amphlboles, and also Pe203 and at times 
Quite a good deal of TIO2; while In hyper- 
athenes CaO Is present In small amounts, 
and besides 3IO2 we really need to consider 
MgO and FeO, (although there are special 
cases where hypersthenes are found with 
inore than 10 % AI2O3 and 4 ^ Fe 203 )» 

X-ray research has shed much light 
on the differentiation of the minerals 
according to their crystallographlc-optlcal 
characteristics. As has previously been 


briefly touched upon (page 76), In these 
minerals we have to Imagine chains or fila- 
ments of 3102 groups. These chains are 
arranged parallel to each other, and are 
mutually connected by metallic Ions. 3o 
It Is, at least. In the case of the pyrox- 
enes. With the fiimphlboles. It Is somewhat 
more Intricate, since two of those chains 
form a so-called double chain, viz. by 
means of the SI - 0-31 linkage; 3I4O11 
groups are found In place of 31O3 groups. 
Apart from this, the filaments or double 
chains are tied mutually together by me- 
tallic Ions. It Is obvious that the hy- 
drolysis makes Its first appearance In the 
crystals parallel to the fibers; through 
this the fibers or filaments are loosened 
from each other, and there follows rupture, 
complete disintegration, a loosening of 
all crystal bonds, and the metals are re- 
placed by H. 

Do pyroxenes and amphlboles upon 
weathering behave extremely differently? 
--Not differently qualitatively, though 
quantitatively so. In so far as the Iron- 
rich and calclum-rlch members of the groups 
hydrollze most rapidly and are thus decom- 
posed. The lime and Iron then behave pre- 
cisely as has been described above under 
feldspar and Iron mica. If carbonic acid 
is available, the calcium In an alkaline 
medium can temporarily crystallize as CaCOs, 
whereas In the long run and especially In 
acid surroundings. It dissolves and dis- 
appears. In conditions favorable for It 
(much water, CO2 and no O2) the Iron can 
more or less disappear, but as a rule. In 
the presence of water, plus little CO2, 
plus oxygen. It will precipitate as ferric 
oxyhydrate. In humous water with a pH of 
3 to 5 the Iron goes away, either as fer- 
rous bicarbonate, or as a sol of ferric 
hydroxide, protected against precipitation 
by the humus sols. Nevertheless, If such 
sols are strongly aerated as, for example, 
the brown water of a brook coming from 
forest peat, high In the mountains, rustling 
downward and on farther over a stony bed In 
an open terrain, then the acid humus sols 
oxidize away, and the Iron hydroxide pre- 
cipitates, frequently as blackish brown 
crusts on stones lying In the stream. 

In the long run the originally 


21. The difficulty Ilea In that we do not know which conatltuenta participate In the actual crystal net 
Itself (the Btruotural linkages), and which constituents are held In looser union. 
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■brovnlsh-yellov precipitated iron oxyhy- 
drate has the tendency to go over into 
forms containing less water. From brown 
iron ore there thus form a series of min- 
erals poorer in water, for which we find 
the following formulas given: 

Llmnlto Fe203'3 H2O 

Xanthoeiderlte F02O3-2 HsO 

Llmonite 2 ¥ 0203-3 H2O 

Groethlt© F02O3- H2O 

Turglte 2 F02O3- H2O 

Hematite F02O3' 

In water alone not a single number 
of this series changes from a lower towards 
a higher form; but in acid water with or- 
ganic material each member may become pep- 
tized to Fe203 3ol, and then again pre- 
cipitate. In the Netherlands Indies we 
shall come across examples of this. 

It is further remarkable that kao- 
lin never originates from amphiboles and 
pyroxenes with A1203; the AI2O3 exists 
combined in other ways than it is in the 
alkali feldspars and micas. The result of 
the weathering in water with a pH of 7 to 6 
or 5*5 l3 therefore that all the SIO2 goes 
away in sol form, following the Ca, Na, K, 
and Mg, so that only Fe203 and AI2O3 remain 
behind in the hydrated form. If titanic 
acid be one of the constituents, then ti- 
tanic acid also remains behind. If the 
weathering liquid is strongly alkaline, and 
the pH greater than 8.3 (for example with 
the leaching out of plagioclase with little 
CO2) then, it is true, AI2O3 goes along 
with it; however such a situation seldom 
occurs in nature. 

If, besides C02> humus colloids 
occur in the liquid with a pH of 8 to 3 , 
then silicic acid and the sesquioxldes re- 
verse their role: silicic acid remains be- 
hind as a gel (for example opal), while 
Fe203 and AI2O3 go most actively into solu- 
tion as sols. A little of the 3IO2 of the 
amphiboles and pyroxenes remains over. 

In crater water, this is also the case. 

In West Java I have collected in craters 
andesite fragments in which the angles of 
the feldspar and auglte crystals were still 
sharp enough to measure, and yet those 
crystals were not there, only 3102 and H2O 
were left, plus a little pyrite. 


Olivine 

In its occurrence in the Nether- 
lands Indies this mineral is pretty well 
limited to basalt, which occurs on prac- 
tically all the islands, and to the peri- 
dot Ite which is found only on Borneo, 
Celebes and a few other islands in the 
neighborhood. Olivine is a silicate of 
simple composition; the Mg salt of ortho- 
silicic acid, Mg23i04, wherein one part of 
the Mg is replaced by Fo’*"'*'. The X-ray an- 
alyses of the crystals show that separate 
tetrahedral groups occur with 4 O's and 
1 Si in the middle, mutually connected to- 
gether by the bivalent Mg‘'‘'*“ and Fe'^'*" ions, 
which can be attacked by hydrolysis. This 
mineral, especially if it be rich in iron, 
is the most easily decomposed of all sili- 
cates in weak weathering liquids. And 
then the Mg and the 3IO2 go away, while the 
Fe remains behind as ferric hydroxide. In 
liquids containing humic acid, however, the 
Fe goes away and 3102 remains over; just as 
with the pyroxenes. 

Now, however, something more about 
magnesium. The MgO content increases from 

magnesian mica ► auglte ^ hornblende 

►hypersthene ►olivine, and there- 
with the chance increases that serpentine 
will appear among the weathering minerals. 
This is also a magnesium silicate, but 
containing water; owing to a small iron 
content the color is most times olive 
green to dark green. As already stated, 
serpentine Is almost Insoluble in water; 
and likewise in alkaline liquids. In acid 
weathering waters, the stronger the acid 
the more the serpentine is attacked, losing, 
its bases MgO and FeO. 

In connection with this it will be 
understood that in sea water practically 
all Mg-rlch minerals will form more or less 
serpentine, that is, will become serpen - 
tinized . This explains the greenish tint 
of most marine tuffs. In the first place 
the sea water is alkaline. In the second 
place, in those tuffs under the sea there 
cannot be much question of penetration of 
oxygen, hence no possibllty of the oxida- 
tion of iron, but rather a reduction to 
the ferrous state.* And in the third place, 
the sea water possesses so much Mg in the 
form of chloride and sulfate, that its 
capacity to leach out magnesium from such 
minerals as serpentine can be only 


22. F. W. Clarke, Data of Geochemistry ( 1920 ), p. 527 - 
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extremely small. 

In contact with sea water, brown 
ferric oxide compounds will exhibit a 
tendency toward reduction, and when there 
are mixed gels of PegOs and SlOa, then 
these, together with the Mg of the sea 
water will readily serpentlnlze and thus 
go over Into the greenish drab color. 

The Ca from the auglte. In so far 
as It Is not or has not become leached out, 
however, will have been earlier converted 
Into CaCOa . Moreover, duo to the high Mg 
content of^ the sea water which yields Mg, 
the latter takes place of the Ca, and CaCOn 
becomes more or loss dolomltlzed. 


« « « « « 


6 . Magnetic Iron ore and titanium 
iron ore ( magnetite and llmenlte ) . 

In many respects these two con- 
stituents behave alike; as for example. In 
neutral or weakly alkaline water. In which 
the?y remain very resistant. Also CO2 does 
not affect them. But now If organic ma- 
terials, especially humic acids enter the 
picture, then the situation changes; the 
two minerals are at. tacked, magnetite 
earlier than llmenlte. PeO dissolves as 
carbonate or Is oxidized to ferric hydrox- 
ide, and this latter then dissolves as a 
sol In the humic acid environment. The 
titanic acid from the llmenlte mostly re- 
mains behind. The result Is then: a 
little, colorless titanic acid, mixed with 
alllclc acid and kaolin. 

Previously it was -supposed that the 
red color of many kinds of tropical soils 
was to be ascribed to rusty, finely di- 
vided magnetic Iron. Unaltered ore how- 
ever Is black, also finely subdivided. If 
It were rusty, then It should be brown. 

But the principal thing Is that In a me- 
dium, wlilch would allow brown or red Iron 
ore to exist, magnetic Iron Is not at-, 
tacked. Thus the red color Is rather to 
to ascribed to Iron oxide, originating 
Brom minerals such as blotlte, hornblende, 
auf'dto, hypersthene, and olivine. 

In crater water, magnetic Iron 


and titanium iron are entirely dissolved 
and leached out. An exception to this Is 
the Iron that In combination with the sul- 
fur, originated from crater gas and crater 
water; this precipitates as Iron pyrites 
and markaslte. Even the titanic acid Is 
not resistant In such an environment. 

But also In sea water with Its 
abundant Cl“ and SO4”" Ions, magnetite and 
llmenlte do not remain unattacked and, 
though It may be slowly, they go over Into 
Iron oxyhydrate, which Is again Immobilized 
In the form of serpent ine -like minerals. 
Under these conditions the titanic acid 
usually goes over Into tltanite. 


* 


1 * Apatite 

In conclusion, a few words about 
this P compound which Is present In small 
quantities In almost all rocks. Being a 
Ca-salt of a weak acid, It Is relatively 
difficultly soluble In water, It Is only 
slowly hydrollzed In water, and In water 
with C 02 - Of course It is more rapidly 
hydrollzed In acid weathering liquids. 

The calcium then goes into solution and 
leaves by one of the routes that has been 
stated above. The phosphorus, however, is 
preserved from more rapid washing out by 
Its characteristic of being strongly fixed'" 
by different soil constituents: by Fes-Oa 
and AI2O3 on the one hand, as well as by 
titanic acid and perhaps silicic acid on 
the other hand and, thirdly, by CaCOs and 
MgCOs. --True kaolin and specific minerals 
do not appear to fix P. With a pH of 7 or 
higher the phosphorus Is fixed by CaCOa 
and MgCOs.; this is a chemical proce 3 s--not 
colloidal adsorption. With decreasing pH 
values down to 4 , these carbonates fix less 
and less phosphorus since tliey themselves 
dissolve. Then that task Is taken over 
by Fe;,D3 and AI3O3, the oxides which (as 
hydroxides) In that range of acidity are 
the most resistant. But whenever at the 
same time titanic acid Is present in col- 
loidal form, then It fixes that P In a 
form that is practically Insoluble.'"*^ 


^3- Cf . : E. John Russel, Soli conditions and plant p’owth (1932), pp. 225-226. 

A. C. De Jongh, The locking up of phosphate fertilizers In Java soils. Intern. Mitt. f. Bodenk., _4 

(iqi 4), pp. 32 - 4 ^). 
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Moreover, It seems as If organic colloids 
In the soil can also fix P; hut hov they 
do that Is still uncertain. 

As was to he expected, P Is leached 
out In crater water. Only If It Is com- 
bined with TIO 2 # does It remain resistant 
to HCl and H 2 SO 4 . In sea water calcium 
phosphate dissolves only very slowly. 


* » # * ♦ 


8. Calcium carbonate 

Calcium carbonate plays a part In 
soil formation, both In the form of crys- 
tallized calcareous spar (calclte) and of 
coralline lime, shells and foramlnlfera 
skeletons. The solubility In the differ- 
ent weatherlrig liquids Increases with the 
degree of acidity, that Is, with a falling 
pH; CO 2 as well as humic acids have a 
strong solvent effect, so that In a soil 
which shows a pH of 4.3 or lower, no cal- 
cium carbonate Is to be expected. The 
lime Is more or less In equilibrium with 
alkaline sea water. That Is, according to 
the conditions, CaCOs can either precipi- 
tate out from the water In the Ca deposit- 
ing organisms, or It can be dissolved from 
them. For example, when calcareous shells 
sink In the ocean to great depths, as a re- 
sult of Increasing pressure they dissolve 
before they reach the bottom. On land, at 
least In almost the entire Netherlands 
Indies, the leaching out of CaCOs Is the 
dominant process. The exceptions will be 
considered later. 


* ♦ ♦ » 4 


This concludes the consideration 
of the chief minerals which play a role In 
soil formation. We may now follow what 
happens to the rocks under the different 
conditions In which they weather. But be- 
fore that, as a transition of great Impor- 
tance for the Netherlands Indies, a little 
special attention will be given to: 


Volcanic glass 

Under this heading are Included all 
the volcanic products which have not already 
been mentioned under one or the other of the 
preceding seven sections dealing with crys- 
talline mineral forms. Such volcanic glass 
can, and also as a rule will, possess all 
the elements summed up above, but obvious- 
ly In very different proportions. The com- 
position now depends upon two main factors: 
(a) the composition of the original magma 
and (b) what has already solidified from 
that magma In crystalline form and thus 
has been separated from the original whole. 

Relative to (a) there la to be re- 
tained the differentiation^^ of acid magma, 
with 65 ^ or more 3102# and clearly basic 
magma with ^ 2 % or less 31 O 2 # and between 
these two, magmas of Intermediate composi- 
tion, with approximately 33-64^ 3102- 

Relative to (b) ordinarily magnetic 
Iron, titanic Iron and apatite belong to 
the first separation; then In the more acid 
plutonlc rocks. In the granites for example, 
there follow the dark minerals mica, pyrox- 
enes, amphlbole, thereafter the feldspar 
steps In, and finally the quartz. But In 
some basic rocks, such as gabbros and dia- 
bases, with much calcium and little alkali, 
calclum-rlch plagloclases separate out 
sooner than the pyroxenes; this Is also the 
case with many basic eruptive rocks of the 
Netherlands Indies. 

It Is now evident that through a 
separation of the minerals containing Iron, 
the glass remaining over becomes clearer 
and finally becomes colorless. If, how- 
ever, much colorless plagloclase separate:? 
out, then the Iron concentrates In the 
glass residue which thereby may become dark 
or even black. 

Thus from an acid magma we have t.o 
expect a glass which Is much richer In SIO2 
than the whole (mineral and glass). In Iho 
Intermediate cases one many tinges obtains 
colorless glass with much magnetite dust 
In It, as well as pyroxenes and plagloclase; 
such a glass Is also more acid than the 
whole. But with the basic magmas we find 
many cases of rapid flowing out or of ex- 
plosive ejection, and consequently rapid 
congealing of glass, where only Ca-rlch 
plagloclase has been separated. And, sln' t' 


25 . Cf, pp. 8 and 17 In the chapter; Parent Material, 
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the plagloclasje also varies greatly In Its 
3IO2 content, such glass is then practical- 
ly as rich In SIO2 as the whole. The glass 
Is^ however, much richer In Iron than the 
original magma was. 

Such black. Iron-rich glass Is much 
more easily attacked by the weathering liq- 
uids than Is white glass, but one must not 
lose sight of the fact that the physical 
condition of the glass (whether as a homo- 
geneous solid. In large blocks; or full 
of bubbles or air bells, non-homogeneous 
with strains, or In the form of gravel, 
sand or fine dust) has a predominating In- 
fluence upon the time required for the 
weathering. 

Now the chemical result, except 
for that dependent upon the weathering 
liquid, will depend upon what Is present 
In the glass. Depending upon the condi- 
tions of degree of acidity and the nature 
of this liquid, the different bases will 
or will not be leached out; the same ap- 
plies to the silicic acid. Particular at- 
tention must however be given to one point. 

For the granite It was stated that 
first the dark minerals separate out, then 
the feldspar, (which Is an alkali feldspar) 
and finally the quartz as the residue. 

Now the question Is, If, before the feld- 
spar crystallized, feldspar nuclei (l.e. 
kaolin nuclei!) were formed, In the then 
still existing glass, which subsequently 
grouped themselves as crystals; or whether 
the so-called hypothetical nuclei first 
originated during and through the crystal- 
lizing. If the latter is the case, then 
the glass Is, so long as it is glass, free 
from nuclei; in the former case, on the 
contrary, the glass may have possessed 
nuclei long before, even though they are 
not yet perceptible. 

However, It has often been per- 
ceived that upon the weathering of acid 
colorless glass there is formed much 
highly plastic white clay, thus much kao- 
lin, or at least kaolin-like minerals. 

This fact argues for a preformation of 
kaolin nuclei In the glass before the crys- 
tallization. Plastic clay Is not formed 
from the black glass. 

In order to give definite prefer- 
ence to the theory of the preformation of 
such nuclei there should, however, be 
first carried out, for example, a frac- 
tionated analysis according to van 


Bemmelen, on colorless acid glass and on 
black basic glass, both free from crystals 
and then finely powdered. The white acid 
glass should give a considerable quantity, 
the black glass on the contrary, only an 
unimportant quantity of the so-called 
silicate B (soluble In cone. H2304)‘ 

In the weathering of natural glass 
there Is found one peculiarity of which 
there was no need to speak In connection 
with the preceding minerals. For the 
course of the weathering It Is very Impor- 
tant, whether the glass Is exposed to 
weathering In a completely massive and 
compact form, as obsidian or peckstone, or 
as a porous mass, as ash or pumice. The 
difference In attackable surface Is- extra- 
ordinarily great and owing to this a fine 
ash, for example, can be thoroughly weath- 
ered during a time In which the weathering 
of large obsidian blocks or glassy lava 
streams has not penetrated more than a few 
mm. deep. What that difference signifies 
for soli formatlon--a difference which 
likewise may be established In the weather- 
ing of thick Plutonic rocks as granite and 
diabase as contrasted with the porous rocks 
as tuffs and limestones, --will presently 
be spoken of more In detail under the head- 
ing of "erosion.” 


# * * # ♦ 


§2. A FEW EXAMPLES OP WEATHERING OF ROCKS 

In connection with what was said 
concerning the weathering of the separate 
mineral constituents of the rocks, we can 
trace what must happen to a few main types 
of rocks of the Netherlands Indies, under 
the Influence of the repeatedly mentioned 
series of seven different weathering liq- 
uids. Along with these, observations made 
In the field, as well as analyses carried 
out In the laboratory, will be presented 
In substantiation or correction of what 
was said. 

We choose as the first type: 

Basic volcanic material (andesitic ash) . 

In order to deal with generalities, 
let us start with a lahar (mud flow) con- 
sisting of fine ash, sand, gravel, and 
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stones up to blocks of a cubic meter. With 
an average content of SIO 2 of about 
practically all the minerals considered In 
the previous sections may occur In this 
mass. If the weathering Is commenced by 
pure water, for example In a very rainy 
climate with a temperature above 25°C., 
then at once hydrolysis sets In. It Is 
Immediately obvious that the material most 
attacked Is the finest ash with the great- 
est surface. Out of the glass, .out of the 
feldspars, out of the dark minerals go Ca, 
Na, K, Mg as Ions in solution; the reac- 
tion of the water becomes alkaline, the pH 
rises above 7* Also silicic acid which 
has been liberated goes Into solution. 
Carbonic acid, present In the rain water. 

Is Instantly combined in the alkaline liq- 
uid; close to the surface one may even ex- 
pect CO 2 absorption from the atmosphere. 

In the beginning, there Is such a large 
quantity of bases In proportion to the 
small amount of CO 2 , that carbonates are 
formed, through which the pH again can fall 
to 7 and below. In relation to liberated 
Iron In the ferrous state, oxygen Is pres- 
ent In excess, so that the Iron can oxi- 
dize to ferric hydroxide, which remains 
behind as a gel. Prom the alkali feldspar, 
kaolin certainly remains behind as a gel; 
from the Ca-feldspar, less certainly, 
aluminum hydroxide remains which crystal- 
lizes as hydrargllllte . The same occurs 
with the AI2O3 from the pyroxenes and the 
hornblende. Magnetite and titanium iron 
remain behind unchanged, just as do sporad- 
ic quartz grains. If any. 

So the result to be expected Is 
this: In the liquid relatively much Ca, Na, 
and SIO 2 , less Mg and K; In the residue 
kaolin, which In turn holds absorptively K 
and Ca. All the AI2O3 and also the Fe^Oe 
are In the residue, In addition to the ore 
grains. Free 3 IO 2 '^^3 also y^resent In the 
beginning. 

And now how to verify this? --Cer- 
tainly this is not simple, since nature Is 
not a laboratory, where at one’s pleasure 
definite conditions without disturbing 
side influences can be maintained. For 
examnle, the rain water Is never free from 
carbonic acid; but, what Is more serious, 
the land as it is thought of here, never 
rom.ains free from vegetation, so that the 


natural water, which sinks Into the soli, 
almost always possesses quite a little 
organic matter beside Important quantities 
of C 02 » 

We can now attack the question from 
two angles; from the point of view of the 
extractive liquid flowing out and from the 
point of view of the extracted residue re- 
maining behind. It Is very difficult to 
determine, by technical analysis, what 
small changes have taken place. Spring 
water, coming out from layers of fresh or 
only very slightly weathered lahar material, 
will not differ much In composition from 
the above-described weathering liquid. A 
number of analyses of spring waters are now 
available and since It Is true they were 
not made with the purpose that we here 
have In mind, in various respects they are 
Incomplete; however we must row with the 
oars which we have. 

From among the analyses of drinking 
water published by C. P. Mom^® those were 
selected which were of spring water origi- 
nating exclusively from young volcanic la- 
har material (andesitic gravel). The re- 
sults are found together In the following 
synopsis (Table 40, page wherein all 
amounts are expressed In milligrams per 
liter, m/ 1 ). 

If these figures are mutually com- 
pared, then It strikes one that they agree 
very closely. The residue after evapora- 
tion lies between 1^50 and 200 m/l and, in 
general Is lower In rainy, moist West Java 
than In East Java. The silicic acid Is 
always a sizeable part of the residue (see 
Table 40) : 36-^6 m/l . --Sulfuric acid Is 
absent. It Is very likely that It was 
present In the lahar material at the very 
beginning of the weathering. Then from 
these analyses It appears that sulfur dis- 
appears before other constituents. Chlo- 
rine seems to*be present somewhat longer; 
perhaT>3 additional chlorine comes down with 
the rain. Carbonic acid Is an Important 
constituent; all the regions are then green 
with vegetation. CO 2 occurs In the free 
form as well as In the bicarbonate form. 

The free form, from 12 to 44 m/l; as HCO 2 
from 67 to 122 m/l. Over this range, the 
pH drops from 6.7 to 9 •9* Calcium and Mg, 
are not able to combine with all the HCO 3 ; 
the rest combines with the alkalies, K and 


26 . Jaarvcrolagen v/h Proofst. v. Wntorzuiv. Mnnggarnl (blj Batavia) over I 928 t/m 1931. 
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Na (not determined). Calculated as Na, the 
amounts should he those shown In line 19, 

If a part of It Is K then the amounts would 
he somewhat higher. If we accept as an hy- 
pothesis that the residue after Ignition 
has been hut weakly Ignited, and that be- 
sides free 31O2, Ca, Mg and Na are present 
as neutral carbonates, then they require 
the quantities of CO3 stated In line 20. 
Then, however, according to line 21, there 
still remains after Ignition an average 
residue of 15 m/l; this can be nothing 
else but alkalies. So we come to the con- 
clusion that the principal constituent of 
the weathering extract Is NaHCOa. 

The remaining constituents are 
negligibly small. Iron la not more than a 
mere l/lOO m/l, there Is no manganese. 

The organic matter, determined by oxida- 
tion with KMn04, In only one case Is above 
2 m/lj ammonia la also only 0.03 m/l. 

These traces do not, however, detract from 
the main point, which Is this: the con - 
stituents which one expected to dissolve 
are present In the solution, and those 
which one expected to remain behind (a1 2O3 , 
Fe203, Mn, Tl) do remain behind . 




If one wishes to know what has 
happened In the weathering of an andesitic 
rock by much water, with sufficient COa ao 
that the pH remains between 6 and 7» the 
customary way la to carry out analyses of 
the fresh rock, as well as of the weather- 
ing mass, and calculate the percentage 
composition of both and then compare those 
two columns of figures with each other. 
However, this cannot be called anything 
but Inadequate; the two totals, the 100^, 
never tally with each other, for when one 
la dealing with a continuous washing out 
process, there can never remain over just 
100^ of the original 100^, but only less, 
for example 60^. If, In addition to the 
eluvial processes. Illuvial processes take 
place, then the 60^ may again Increase to 
90 ^ or even 110^. It would be only by a 
very rare accident, that exactly 100^ were 
reached- -an accident upon which one 


certainly should not depend. 

The only possibility of exact com- 
parison is that of equal volumes of weath- 
ered and un weathered material, provided one 
Is certain that through the weathering the 
volume has not been notably decreased or 
increased. This possibility has been some- 
times offered us by nature. 

In the year 1909 I published some 
research^^ upon rocks from a one-time lahar 
from the volcano Boerangrang, northwest from 
Bandoeng. Those rocks consisted of a rock 
nucleus and a weathered crust, which be- 
longed to It. After the surrounding loose 
soil was washed off, it appeared: 

1. that the stone kernel and weathering 
crust without any doubt belonged to- 
gether; the crust had been once en- 
tirely the same rock as the kernel. 

2. the crust was fully weathered out; 
of the original rock no mineral 
grains other than the (iron) ore 
grains could be found; 

3. the rock kernel was still almost 
entirely unattacked and unweathered, 
and 

4. the transition from crust to kernel 
was very sharp, within 0.3 mm. 

This beautiful material was Inves- 
tigated petrographlcally as well as chemi- 
cally. The petrographic research showed 
that the stone kernel was a simple ande- 
sitic rock, entirely compact and with what 
(under the microscope) appeared to the eye 
as an entirely crystallized ground mass. 

The mlneraloglcal composition appeared to 
be about the same as that of the porphy- 
rltlc first generation, which gradually 
went over Into the second generation. That 
composition Is: a) plagloclase, brighter, 
without zonal structure of any significance, 
labradorlte according to the optical char- 
acteristics; b) layer-llke auglte, no hy- 
per sthene; c) magnetite and llmenlte, 
partly as octaeders, partly as fine ma- 
terial which was difficult to determine; 
d) some brown very widespread weathering 
products, which perhaps had once been 
olivine. --Hence the rock appeared to be 
an auglte-andeslte quite close to basalt. 

Prom the crust, thin sections were 


27, E. C. J. Mohr, Ueber gelben Laterlt und eeln Muttergeetoln, Bull. D6pt. Agrlc. Ind. N^orl., No. XXVIII 
(Geol. Agron. No. TV). 
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also prepared, even a few slides of crust 
and kernel together; technically this was 
not easy, but yet we succeeded, (a) No 
feldspar was found In the crust; but the 
shapes of the crystals had remained fully 
preserved, so that the angles could be 
measured and therewith the labradorlte 
forms verified. In the place of the feld- 
spar small, colorless crystals forming 
rosettes could be observed; these had ap- 
parently grown like a ruffle trimming from 
the surface and from the crevices of the 
feldspar without, however, filling the 
whole space. Optically they were deter- 
mined as "apparently hydrargllllte"; some 
characteristics agreed well, others not 
entirely; both the n, as well as the T - a 
reminded one frequently of the scales of 
kaollnlte. (b) In the places of the au- 
glte crystals, also recognizable from the 
crystal form, lay a brown, amorphous Iron 
hydroxide gel, that very possibly also 
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Included AI2O3 gel and 3IO2 gel* Of this 
material there was not enough to study 
optically, (c) The (iron) ore lay unal- 
tered In between the other constituents. 

In a now well established hypothe- 
sis from one /olume of stone kernel there 
forms one volume of crust. It was thus 
desirable to determine the weight per 
cubic cm. of stone kernel and weathered 
crust. For the compact rock the volume 
weight equaled the specific weight, which 
was 2.772. With much care rectangular 
blocks were filed from the crust. After 
measuring the length, breadth, and height 
of these blocks, the volumes were deter- 
mined; these, divided Into the weight gave 
the volume weight, I.50. Since the filings 
gave a specific weight amounting to 2*53> 
the crust appeared to consist of 3/5 eolld 
material and 2/5 air. 

The chemical analyses are presented 
In Table kl: 


Table kl 


ANALYSES OF ROCK AND WEATHERING PRODUCTS FROM IT 


Constituents 

Rock Kernel 

Weathering crust 

! 

$ of the 
preparation 

# of the 
dry matter 

! 

mgr. per 
cm.^ 

milllmol 
per cm.^ 

i of the 
preparation 

It of the 
dry matter 

mgr. per 
cm.^ 

milllmol 
per cm.^ 

Water -100^ 

0.84 

1 ■■■ 




2.63 







” -100-200° 

0.06 

J 00.59 

16 

0.85 

0.91 

> 22.24 

354 

18.51 

” above 200° 

0.52 


20.74 

1 

SlOa 

52.89 

53.5‘^ 

1478 

24.52 

15.45 

15.85 

232 

3.9't 

TlOg 

0.96 

0.97 

27 

0.54 

1.82 

1.87 

28 

0.35 

AI2O3 

18.95 

19*09 

529 

5.18 

58.57 

59.61 

594 

5.81 

PQsOs 

4.06 

4.09 

113 

0.71 

14.82 

15.22 

228 

1.43 

FeO 

4.80 

4.84 

134 

1.86 

1.89 

1.94 

29 

0.40 

MnO 

0.43 

0.43 

12 

0.17 

0.22 

0.23 

3 

0.05 

MgO 

5.72 

3.75 

104 

2.58 

0.4l 

0.42 

6 

0.16 

CaO 

8.56 

8.63 

239 

4.26 

0.19 

0.19 

3 

0.05 

Na^O 

3.98 

4.01 

111 

1.79 ^ 

0.78 

0.80 

12 

0.19 

KsO 

0.94 

0.95 

26 

0.28 

0.08 

0.08 

1 

0.01 

COg 

0.10 

0.10 

3 

0.07 

0.52 

0.53 

8 

0.18 

^sOs .«.•••••. 

0.22 

0.22 1 

6 

0.04 

0.35 

0.36 

5 

0.04 

Cl 

trace 

trace 

--- 


trace 

trace 

... 

... 

^^3 

0 


--- 

--- 

0 

--- 


... 

S 

0.04 

0.04 

1 

0.03 

0 

... 

... 

... 

Total 

101.05 

101.05 

2799 



99.56 

99.54 

1481 

... 
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Upon considering Table 4l one Is 
immediately struck by the almost quantita- 
tive disappearance of calcium and potas- 
sium, and also of a great deal of the mag- 
nesium and sodium; besides, much 3102 l3 
removed, but not all of it. Of the FeO 
a part is oxidized, but nothing washed out 
for ; 


1.86 , 0.40 

-y + 0.71 = 1.64 and -y* + 1.43 


= 1,65 railllmol. Fe203. 


In addition TIO 2 has remained behind, so 
has P2O5. Thus the following mineral com- 
position may be calculated for the rocks: 


1.79 

0.28 

5.11 

0.95 

0.965 

0.17 

2.58 


mlllimol. Bodlum feldspar 
" potassium " 

” calcium " j 

" Ca0.S102 

" FeO.SlOa 

" MgO.SlOs 

" MgO.SlOs 


together forming 
plagloclase. 


together forming auglte; 


0.20 " llmenlte 

0.07 " calclte 

0.04 " apatite 

0.015 ” pyrite 


and there still remain over: O.83 m.mol. 
H2O--I.215 m.mol. 3i02--0.69b m.mol. Pe203 
and 0.l4 m.mol. Ti02- If these last were 
also present as llmenlte, they should have 
been found afterwards in the cruet, but 
for this there is an inadequate amount of 
FeO present therein; so presumably the 
auglte is titanium-containing, and it 
possesses also some Fe203 and then, at the 
same time, the 31O2 residue becomes small- 
er. 

For the crust we find the follow- 
ing mineral composition 


1,97 mlllimol, kaollnlte =Al203. 2 SIO2. 2 H2O 
3.84 ” hydrargllllte =Al203. 3 H2O 

1.43 " brown Iron or0 5iFe2O3. about 2 H2O 

0.20 " llmenlte 


into definite minerals, which microscopi- 
cally I could not detect, would certainly 
have been too speculative. Moreover, dif- 
ferent bases were moat probably bound ad- 
sorptlvely on the kaolin, while P 2 OS was 
combined with TIO 2 and Pe203. 

Why the AI 2 O 3 content per cm.^ 
crust appears so much higher than that of 
the rock kernel cannot be explained. It 
can, in part, be laid to imperfections in 
the analysis, but this la not deemed very 
probable. It may also be due to the hetero- 
geneity of the material, a factor which can 
never be entirely excluded. However, if 
this is accepted, we admit the impossibili- 
ty of making comparisons. Meanwhile the 
following is presented: 

According to the above-developed 
consideration relating to weathering, 

1.79 + 0.28 = 2.07 m.mol. alkali feldspar 
of the stone kernel should leave behind 
2.07 m.mol. kaolin'. It may be somewhat 
less, for the kaolin is washed out a long 
time after the 3102. In the crust are 
found 1.97 ^ 2 m.mol. 3102* 

The 3*11 m.mol. Ca feldspar should 
leave behind as much AI 2 O 3 as hydroxide, 
and no 3102* The 3*84 m.mol. AI 2 O 3 which 
were found, is 0.73 m.mol. too much; but 
the crust has also in total a surplus of 
9.81 - 9.18 = 0.63 m.mol. --The results do 
not come out definitely but still they in- 
cline in the direction of the hypothesis; 
at least they are not in contradiction to 
it. For example, in case the calcium feld- 
spar also gave kaolin, one should have 
found (2.07 + 5.11) X 2 = 10.36 m.mol. 310;: 
In place of 3.9^; that difference la too 
great. And likewise if the alkali feld- 
spar is completely split up Into alkali 
in solution, 3 IO 2 gel and A1203 gel, --as 
is still quite generally accepted^® ; -- 
then why should 3*94 m.mol. of the 24.92 
3102 remain over? 




and then there remain over: 0.19 m.mol. 
H20,--0.19 m.mol. Ti02#--0.l6 m.mol. MgO, 
--O.O9 m.mol. Ca0,--0.01 m.mol. K20>--0.19 
m.mol. Na 20 ,-- 0 .lB m.mol. CO2 and 0.04 
m.mol. P2O5. To group these constituents 


As a second example of a weathered 
rock the silicic acid-rich liparitic ash 
which contributes so mightily to soil for- 
mation in various parts of Sumatra, will 
here serve the purpose. 


28. Compare what has been said already about this on page 78. 
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The feldspar, in part sanldlne 
(potassium feldspar), In part plagloclase 
(ollgoclase) with much Na and little Ca, 
weathers relatively slowly. The sanldlne 
weathers somewhat sooner than the plaglo- 
clase; the rates of weathering are appar- 
ently related to the crystallization. The 
plagloclase consists of water-clear, hard, 
homogenous crystals, while the sanldlne Is 
more contaminated and Is more zonally built 
up, so that It can take up more water In 
weathering. However, whenever these two 
minerals weather In the presence of much 
water plus more or less carbonic acid, then 
they supply K and Na Ions to the liquid, 
besides 31O2 In the sol form, and leave be- 
hind considerable kaolin. 

Neither auglte nor hypersthene 
occurs In It; the (little) hornblende sup- 
plies some Mg, Ca, and Fe'' Ions to the 
liquid, also some Na. But after oxidation, 
the ferrous Iron precipitates again as 
ferric hydroxide; also the AI2O3 remains 
behind as the hydrated gel. But the SIO2 
follows rapidly Into solution the cations 
which have already gone. 

The weathering of the blotlte 
( Iron-magnesla-mlca) Is slow, but It re- 
sults In kaolin with some Iron oxyhydrate 
(clay) and the Mg dissolves but very gradu- 
ally. --Iron ore Is essentially never 
present . 

The principal mass, with the feld- 
spar and the unaltered, bright quartz is 
however the pale glass, mostly finely di- 
vided as pumice and ash. This glass weath- 
ers very rapidly, more rapidly than all the 
Included minerals. It gives up to the 
weathering solution alkalies and SiO^, but 
almost no Ca nor Mg, and leaves behind much 
pale kaolin, poor In Iron. 

Adding all this together then, 
the solution In comparison with that coming 
from the basic andesitic ash is much poorer 
in Ca and Mg; also the concentrat.lon of the 
alkalies must be less, since the weathering 
progresses more slowly. What remains be- 
hind will be relatively richer in kaolin, 
poorer In Fe203 and AI2O3, the last two 
occurring In the form of hydroxides. 

As far as the weatliering liquid is 
concerned, some figures are available In 
the data of Mom.^'^ 

a. The water of the spring Taroo- 

L. c ., Jaarversl. (I'^Ch), p. andlQ^l^ P* 1 C. 


toeng at Ballge contained, besides "traces” 
of Ca and Mg, 55 m/l silicic acid and 56.6 
m/l HCO3, combined with alkalies, (if all 
as Na: 15.8 m/i, if all as K: 25-7 m/l, 
actually an Intermediate amount). Fe,-- 
Mn, --SO4 and Cl were absent. 

b. A spring near Bangoen Poerba 
also contained only traces of Ca and Mg, 
as also of Cl; Fe, --Mn, --SO4 were absent. 
--31O2 was higher: 72.4 m/l--For the 61.O 
m/l HCO3 there may be calculated 25 m/l Na 
or 59 m/l K; also here there has most likely 
been present a mixture of Na and K. 

When considering irrigation water 
(in a subsequent section, under "Irriga- 
tion”) still more examples which are In 
entire accord with the above will be men- 
tioned. 


* * * 


As a third example. It would be 
very Interesting to discuss a granite, con- 
sisting exclusively of Ca-free potassium 
feldspar (orthoclase) , potassium mica (mus- 
covite), and quartz. Now If the general 
considerations of the weathering by pure 
water plus carbonic acid be correct, there 
will remain over only kaolin plus quartz; 
potassium and silicic acid go Into solu- 
tion. In each case no free AI2O3 hydrate 
remains over* nor is present In the solution. 
Unfortunately there are no data available 
in the Netherlands Indies regarding such 
a granite, nor of any spring water which 
flows out from such a granite terrain; all 
the granites that occur there possess at 
least some Ca in their feldspar or at 
least some dark minerals such as blotlte, 
and hornblende I From the Ca feldspar and 
the hornblende AI2O3 can remain over; from 
the blotlte and the hornblende Fe203 and 
some Mg, which however becomes washed 
out . 

From this it follows that under the 
conditions here referred to, the weathering 
mass resulting would be completely free 
from A1203 hydrate gel; but such a condi- 
tion Is seldom to be found, since the rocks 
which possess AI2O3 exclusively in the form 
of' alkali feldspar and potassium mica are 
so infrequent. In the cases where Ca- 



96 


THE SOILS OP EQUATORIAL REGIONS 


feldspar and other, dark, Al-contalnlng 
minerals occur only In small amounts In 
the rocks, a small content of AI2O3 In the 
weathering product can easily escape the 
attention. In this connection It Is In- 
deed noteworthy what J. B. Scrlvenor, the 
experienced specialist In the geology of 
Malaya, writes on the subject: 

"In Malaya, In Indo-Chlna and In the 
Netherlands Indies the change In ’acid*, gran- 
ite rocks, which have a high percentage of 
silica, does not go beyond the formation of 
hydrous silicate of alumina, except perhaps 
for a small portion hard to prove; and there- 
fore the soil Is clayey owing to the presence 
of kaollnlte and perhaps halloyslte. In less 
acid, or ’basic' rocks on the other hand, when 
weathered, there la an appreciable amount of 
aluminum hydrate 

This statement agrees entirely 
with our experience In the Netherlands 
Indies. The opinion of J. B. Harrlson^^ 
who had been so many years In the British 
West Indies, In particular In Barbados and 
In British Guiana, also agrees with that. 

It Is Indeed unfortunate that In 
the data of C. P. Mom there Is none relat- 
ing to springs In any of the Netherlands 
Indies granitic tracts. As long as the 
hiatus exists, we will have to get along 
with figures relating to surface water 
(rivers and creeks) originating In granit- 
ic regions. In these data the SlOs con- 
tent varies from 0 to 8 m/l, the HCO 3 con- 
tent from 6 to 50 m/l, the Fe content from 
0 to 0.6 m/l. --"Poor In all constituents" 
is indeed the characteristic of such water 
from granitic tracts; besides. If they are 
not contaminated by human settlements, the 
total "residue after Ignition" of these 
waters varies between 6 and 25 m/l. It Is 
meanwhile possible and even probable that 
spring waters, making their appearance 
from deeper, less weathered out layers, 
contain significantly more dissolved con- 
stituents. 


Data from Surlnam^^ relating to 
borings In presumably secondary deposits 
from and on granitic terrain, with a low 
chlorine content, and hence little mixing 
with sea water, show the following figures: 
Cl. m/l, 31 O 2 1 . 5 - 7 . 5 m/l, Pe: 

0 - 0.6 m/l, Ca 0 . 25 - 0.8 m/l. Frequently 
from borings, water is obtained with less 
than 50 m/l dry residue, and less than 
25 m/l residue after Ignition. These 
figures are of quite the same order as 
those from the Netherlands Indies granitic 
tracts . 


« « « # « 


§ 5 . THE SOIL AND LIFE 

From consideration of all these 
natural waters as weathering liquids It 
appears that at one Instant they act as 
agents of weathering and at the next as 
the result of weathering, and again a mo- 
ment later again act as weathering agents. 
Thus the agent meanwhile continually 
changes, but In the long run the original 
agent has the greatest Influence. 

This latter Is however only true 
as long as the organic life on and In the 
soil can be left out of consideration; If 
It must be Included, then the whole picture 
changes . 

In order to make the first example 
clear, let us take up again the andesitic 
lahar (mud flow) . Originally on and In 
the lahar there Is no organic life, no 
flora and fauna neither on the lahar nor 
In It. The rain water that acts as the 
weathering agent Is thus originally water 
with a little oxygen and carbonic acid 
dissolved In It. After the first onset of 
weathering, organic life originates on and 
In the soil, and therewith the active weat/u 
erlng agent changes, for at the same time 
with the commencement of organic life Its 
decomposition and disappearance also 


50. Malayan Agricultural Journal, (1929), P* ^58. 

31 . J. B. Harrison, Geol. Magaz., n.s., 7 (1910), pp. 439-^88, and 355; Geol. Magaz., n.s., 8 ( 191 I), PP- 

120-355. 

32 . Cf. the water analyses In the frequently mentioned "Jaarverslagen Pr. st. v. Waterz.," (1928), Nos. 

10 and 18 ; ( 1929 ), Nos. 7 and 12; (1930), No. 19; <1951), Nos. 19 and 29 . 

33 . Dr. J. W. Jenny -We yennan, 2 Rpt. over den Aanleg eener Waterl. te Paramaribo, —not for sale—. In It 

are analyses by Ir. J. W. van Dljk. 
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commences. Owing to this, all kinds of 
organic materials are supplied to the 
weathering liquid. These living organisms 
have taken up all sorts of constituents 
In the course of a long time, and when 
they die, these are again returned to the 
30 ll or to the water, hut frequently In 
very different forms. If one makes up the 
final balance sheet, then the end result 
Is: a continuous fixing of carbon and 
nitrogen In countless forms and combina- 
tions In the soli and In the soil water. 
The most Important of these effects of 
organic life. In particular of the above- 
ground flora, followed by that of the 
under-ground. Is the concentration of car - 
bonic acid out of the atmosphere and Into 
the subterranean weathering liquid . Isn't 
It true that In rain water the CO 2 content 
Is at most 2 to 3 m/l?^** While In spring 
water coming from rocks which by virtue of 
their formation and nature do not already 
contain CO 2 , In some 20 analyses the fol- 
lowing amounts were found: 



Free CO2 

HCO3 

Total 

CO2 

Minimum*. 

9 

15 

40 

m/l 

Marlmum. 

80 

128 

126 

rf 

Average of 20 analyses . . , 

28 

78 

84 



These quantities are 30 to 40 times as 
much as In the rain reaching the soil. 

The organic matter, oxldlzable by 
KMnO-i, In these spring waters Is about 
1 ra/l, between the limits 0.25 and 1.3 m/l. 
It Is obvious that In comparison with 
water and carbonic acid this organic mat- 
ter can exercise only an Insignificant 
Influence. And the organic matter which 
la not attacked by KMn04, If present at 
all, will certainly be Inactive. 

* # * # * 


The organic matter In the soil. Humus . 

We now come to the discussion of 
the Important role which the organic matter 
In the soil (as a rule designated by the 
one word humus) plays In weathering and 
soil formation. 

To continue to deal with "organic 
matter" as a single sort of material Is 
not correct. It Is necessary to differ- 
entiate It Into several fractions. It Is 
true that it Is not the Intention here to 
expand this subject to the greatest extent; 
but yet some differentiation Is still neces- 
sary. 

Here the main separation Is Into 
dead and living organic matter ; under the 
dead Is Included what falls upon the soil 
from the above-ground vegetation and >rtilch 
Is taken up by the soil in one way or an- 
other; under the living are the soli flora 
and fauna, (though this latter, quantita- 
tively as "matter," Is of less Importance). 

With the former must be Included 
the fallen leaves, fruits, branches, dead 
trunks and roots. These consist firstly 
of substances soluble In water, which may 
be divided into (a) the sugars, salts, etc., 
which are food substances easily taken up 
by the living soil flora and fauna, and 
(b) tannins and that sort of "more diffi- 
cultly digestible" substances: and second- 
ly (c) the celluloses and pentosans of the 
cell walls; (d) the difficultly attacked 
substances lignin and cutlne, and--la3t but 
not least-- (e) the nitrogen-containing pro- 
teins. They all together form the raw 
materials, which are Imported Into the 
"business" of the soli and then In the 
first place serve as food for the "workers" 
In that business the organisms In the soil. 

These soli flora and fauna consist 
of countless sorts of organisms which may 
be collected Into a few main groups 

(a) bacteria, used In a general sense, 

(b) molds, also used In a general sense, 
and In addition a few groups of quantita- 
tively less significance, such as 


34. This amount applies to Central Europe; in the Netherlands Indies it will certainly not be higher but 
probably lower, because of the higher temperature. Analyses of rain water have not yet been published 
by the Royal Magnetic and Meteorological Observatory; CO2 determinations of rain water presumably have 
never yet been made in the Netherlands Indies, 

35. Cf.; E. John Russell, Soil conditions and plant growth (London, 1931 )# Ch. VI; A. Rippel, Nledere 
Pflanzen., Handbuch der Bodenlehre VII, p. 239 j S. Waksman, Principles of soil microbiology (New York, 

1927). 
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(c) algae, (d) myxomycetes, (e) actinomy- 
cetes, (f) protozoa (under which fall ame- 
hae), etc. They all live on the waste 
products of the above-ground flora and/or 
upon each other; but in such a way that 
CO2 Is always split off as the end product 
from the "business." This is the same 
carbonic acid that in the preceding pages 
was found in the soil moisture and in the 
spring waters. 

If the addition of plant waste 
from above is suspended, then the life in 
the soil consumes the provisions present 
and finally consumes itself, until all 
"organic matter," and all "humus" are min- 
eralized. While this is something which 
will seldom occur in Central Europe; in 
the Netherlands Indies circumstances arise 
which cause a very close approach to com- 
plete mineralization. 

If anywhere the supply of plant 
waste upon and in the soil is so great that 
the soil organisms cannot completely work 
it up, then the provisions increase, and 
the dead and living "organic matter" ac- 
cumulate and we are concerned with in- 
creasing humus formations, l.e. different 
forms of " peat . " This last can be the 
consequence of two causes: (l) too great 
an addition of plant wastes, a case which 
practically never occurs; and (2) circum- 
stances which inhibit the soil organisms 
in their activities; this condition may 
come about in different ways. 

One must still always keep In mind 
that with reference to temperature and 
moisture all living organisms are confined 
within definite limits; --not all groups 
within the same limits, but still within 
limits. One can think of an imaginable 
hinderance to life, a poison, for the soil 
flora which might not similarly affect the 
flora upon the soil; such a case would 
lead to an indefinite accumulation of plant 
remains. If the mineralization keeps step 
with the humification , then there will 
never be any humus accumulation . But this 
last does not say that In the uppermost 
layers of the soil as a whole no organic 
matter occurs; of course there is some 
organic matter In the soil, in the form 
of the soil flora as consumer, and in the 


form of non-altered, slightly altered, or 
much-altered plant residues as food for 
the soil organisms. If, however, the ac- 
tivity of the latter is very intensive in 
comparison with the addition of material 
from above, then the humous soil layer can 
be only very thin. If the activity of the 
soil micro-organisms is weaker, however, 
then the organic matter must obviously be 
multiplied into a thick layer. As the con- 
centration of consumable humus becomes 
greater, the number of consumers increases. 
The condition always remains in equlllbrlujTi 
from above there continually come plant re- 
mains, from below there flows out water con 
talning carbonic acid but without dead or 
living organic matter. Except when the 
organisms (even with a greater thickness 
of the layer wherein they can work, and 
relatively favorable conditions for the 
mineralization) cannot keep up with the 
supply, then the accumulation commences 
(peat). The outflowing water contains 
carbonic acid and undecomposed organic 
substances which give it a dark color, 
(" ajer hitam " Malay). 

The addition of plant remains and 
the living conditions of the soil organisms 
determine which condition will prevail. 

The formation of "organic matter"--Humif i- 
cation . 

The quantity of plant remains from 
the above-ground vegetation depends of 
course upon the intensity of the vegetation 
which deposits its residues on the ground.^ 
The main factor for the formation of or- 
ganic matter by vegetation is the direct , 
and also the indirect radiation from the 
sun. Without light there can be no assimi- 
lation of the carbonic acid of the air. 

The total illumination of the whole year, 
while the smallest at the poles, is the 
greatest at the equator. But the relation 
between Illumination and latitude is not 
such that it proportionally decreases with 
Increase of latitude; this appears clearly 
from the following data. 

The quantity of energy, expressed 
in calories per sq. cm. per day, "radiated" 
by the sun toward the earth, is called the 


36. Subjects such as burning of forest, grass fires, the removal of hay and cereal crops, weeding, clear 
Ing, etc., will bo considered elsewhere in this publication. 
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solar constant ; this amounts to about^”^ 
2'''calT/cm7^J^n. , when striking the surface 
perpendicularly. But not all of the two 
calories reaches the surface of the earth. 

A part of that radiant energy be- 
comes directly absorbed by the atmosphere. 
In the high layers of the air, at about 
50 km. altitude, the ozone that Is present 
eliminates a greater part of the ultra- 
violet rays with a wave length of less than 
0.5^^ * quantitatively however that Is but 

a very small part of the total radiant en- 
ergy. Much greater Is the absorption In 
the lower atmosphere of the rays of the 
r0malntn| part of the spectrum; so Boerema 
records that with a 60 *^ elevation of the 
sun, the total radiation reaching the 
earth amounts to: 

On the Smeroe 3^70 ni. elevation I .7 calories 

(approx. ) 

" ” Pangeranggo 3020 m. ” I .65 calories 

At TJisoeroepan 1200 m. " 1.43 " 

At Batavia 10 m. ” I .25 '* 

In August and September the last named 
figure for Batavia falls to 1.13 calories, 
while In December to May It rises to about 
1.30 calories. This already Indicates 
that the condition of the atmosphere has a 
marked Influence; In the dry east monsoon, 
for example, small particles of dust form- 
ing dry haze have a scattering effect; 
rain purifies the air, so that much rain, 
as during the wet west monsoon, permits 
strong radiation In the hours of sunshine 
which lie between the showers. But the 
water vapor also has an absorbing effect. 

The mountain tops have high 'radiant energy, 
where there. Is always only a little dust 
in the air. In the west monsoon there Is 
less radiant energy than Is measured In 
the dry monsoon. 

In addition to the absorption, 
consideration must also be given to the 
scattering of the rays In the atmosphere, 
owing to which a large part of the direct 
rays are lost. Since diffusion takes 
place In all directions, while half go up- j 
wards Into the expanse of the heavens, the 


other half go downwards toward the earth. 
These latter rays coming to the earth as 
the so-called diffused light or sky radia - 
tion , are useful. 

Absorption and scattering are how- 
ever not equally strong for all kinds of 
raysj the composition of the whole radia- 
tion thus becomes modified In passing 
through the atmosphere. The absorption Is 
relatively greater for the rays of longer 
wave length (red and Infra red) than for 
those of short wave length (violet and 
ultra violet); but the scattering acts much 
stronger In the opposite sense, since rays 
of greater wave length are less scattered 
than those of shorter wave length. There- 
fore the color of the rising and setting 
sun Is red, because of the longer distance 
that these rays must then traverse through 
the lowest layers of the atmosphere, while 
on the other hand the scattered, diffuse 
radiation, the light of the heavens (sky 
light) la blue to violet. 

The higher one goes In the atmos- 
phere, the less scattering, and the less 
sky radiation. Thus In the Netherlands 
Indies it Jias been found that the sky radi- 
ation was the greatest at Batavia, less at 
Tjlbodas, and still less on the top of the 
Pangeranggo; at each of these places the 
sky radiation was the least when the sun 
was highest. When the sun was lower, sky 
radiation can become as great as the direct 
radiation from the sun.'^^ 

In addition to what has already 
been mentioned, still another phenomenon 
should be recorded. The atmosphere, as 
has been said, through absorption retains 
as heat a part of the energy of the sun’s 
radiation. All this heat collected In this 
way by the atmosphere Is, for the greater 
part, radiated at all angles In the form 
of (dark) heat rays; so that each air par- 
ticle Is then a separate center of radia- 
tion. The combined result Is that a great 
deal of this dark heat radiation Is lost 
upwards Into the outer space about the 
world. However the other large part Is 
directed downwards toward the earth. This 
latter Is called the counter radiation 


57. K. Knock, Kllmafaktoren der Erde, Handtuch der Bodenlehi'o II, p. 3-7; d. Schubert, Kllma d. Boden- 
oberfl.atc., Handbuch der Bodenlehre II, p. 54-^7* 

38 . M. P. VrlJ, Vergel, metlngen v. ultrav. zonnosstr. l/d tropen en In Europa, (DIbs. Amflt., 1932), p. 
1 - 10 . 

5"^. J. Boeroina, Intenaltelt der zonneetrallng. Hand. 1® Ned.-Ind. Natuurw. Congr. (1919), P* 99-101. 

Vri IT r. sA. 
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which, with the increase of the latitude 
of the earth, plays an Increasing part 
with respect to the temperature of the 
earth's surface. 

So then, when the conception "the** 
radiation of the surface of the earth is 
placed under the magnifying glass It Is 
apparent there Is active a whole complex 
of radiation phenomena; and all components 
of that complex are In their way Important 
for the vegetation. 

Although today we must still admit 
that we do not know very much about the 
quantitative Influence of all these sepa- 
rate components upon plant production, yet 
of each Influence In Itself, It certainly 
may be said that In each moment It Is de- 
pendent upon — though that Is not saying- 
directly proportional to--the Intensity of 
the radiation and Its duration. 

The Intensity however varies from 
moment to moment, with the angle at which 
the direct rays of the sun fall, with the 
condition of the atmosphere, and with the 
cloudiness . 

The total production of vegetative 
matter per day or per year or per vegeta- 
tive period then becomes a summation of 
the products of ..11 those moments, which 
together make up the day or the year or 
the selected vegetation period. 

If we first exclude the cloudiness 
and then put all other forms of radiation 
Into terms of heat, the following table 
gives a picture of the total radiated 


energy from the sun to the earth, calcu- 
lated In averages per day^^ (see Table 42). 

Prom this Table 42 It appears that 
at all higher latitudes than at the equa- 
tor days occur which receive a higher total 
dally radiation than at the equator. But 
as a consequence of the absorption, scat- 
tering, reverse radiation, and cloudiness, 
how much of the total radiation actually 
reaches the surface of the earth Is quite 
another question. It would be fine If one 
could state In figures the Influence of all 
those factors for the radiation of differ- 
ent wave lengths; such as for the ultra- 
violet rays, for the radiation from violet 
to red, for the Infra red rays. Such fig- 
ures are however not available. In part at 
least because they are most extremely dif- 
ficult to determine. One must be content 
with very rough estimates. 

Thus Knoch^^ recorded as rough, 
average approximations that the absorption 
may be considered to be 20^ of the radia- 
tion. Approximately Is scattered; 18;^ 
goes upward and is lost from the earth; 
while only l8^ remains useful as diffuse 
radiation, The earth thus receives 44^ 
direct and indirect as sky radiation. 
This Is with a clear sky; If the cloudi- 
ness averages 30 ^, then as a result of 
radiation from the upper surface of the 
clouds a half of the 44^ is again lost 
Into outer space. The earth thus receives 
but 22^ t l8^ = 405^ of the energy which 
the sun radiates toward it, supposing 


Table 42 


RADIANT ENEROY RECEIVED AT DIFFERENT LATITUDES 



0 

90 

Pole 

80'' 

70° 

60 ° 

50° 

40° 

0 

0 

0 

0 

(M 

10 ° 

0° 

Equator 


Annual average 
per day 

566 

578 

417 

500 

601 

694 

775 

850 

867 

880 

Cal/cm.'' 

The summer maxi- 
mum per day . . . 

1105 

1086 

1058 

1002 

1015 

1015 

998 

958 

901 

809 

It 

The winter maxi- 
mum per day. . . 

j 

0 

0 

0 

51 

181 

526 

1*77 

627 

745 

865 

II 


4 1. Enoch, 1 . c., p. 5 * 

42. Ibid ., p. 6. 
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always that l8^ diffuse radiation remains 
the same in spite of the cloudiness, which 
is not entirely correct. If however we 
accept the latter, then the earth would 
receive by direct and indirect radiation, 
(atm without inclydlng the (dark) count- 
er radiation) (see Table 43): 


observations of the percentage of sunshine, 
according to which the average, yet with 
considerable variations, lies around 30 ^. 
There are some places (Pasoeroean, Asem- 
bagoes, Tlmorkoepang) ; where the figure 
approaches 80 ^; others where the total 
falls to less than 30^ (Ngadavono); Batavia 


Table 4^ 
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We now make use of the data of Sv 
Arrhenius^^ and present it as Table 44: 


stands In Break's list with 68^; elsewhere'^^ 
we find for that place a statement of an 
average of 2,326 sunshine hours per year; 


Table 44 


DIRECT AND INDIRECT RADIATION RECEIVED AT DIFJERENT LATITUDES 



60° 

40°^^ 

N. 

1 20° 
latitude 

0° 

The average percentage of sunshine 
amounts to 

39lt 

31^ 

60^ 

42^ 

Then the earth's surface receives, 
according to the preceding table, 
only 


40.556 

44 . 5^ 

36.556 

Of the energy radiating to It; and 
making use of the figures on page 100, 
the values becone 

173 

281 

370 

321 cal/cm.^/day 


o 

1. Thla figure le given as 20 in the original Nederlandsch text but it must be a typographical 
error for 40 . — Translator. 


If the figures of Arrhenius are 
correct, the tropics of Cancer and Capri- 
corn receive significantly more radiant 
energy than the equator. 

In the Netherlands Indies, there 
have been made^^ a great number of 


which would be 33^ of the possible maximum 
of 4,400 sun'^hlne hours. 

If we compare tliose 2,326 hours 
with the corresponding figures of 1,492 
hours for de Bllt,"^"^ then It appears that 
the first mentioned number of hours Is 


45 . Sv. Arrhenius, Phil.. Mag., ^ (I 896 ), p. 273 . Refer. In: H. Lundegardh, Kllma u. Boden (l93^)> P* 
44. C. Braak, ELlmaat v. Ned. -Indie I, afl. 4, p. 232-262. 

4‘;. M. P. VrlJ, 1. c ., p. 58 . 

46. The difference between 68^ and 33^ presumably be explained, since the first figure refers to tlio 
time of observation: 8 AM— 4 PM, while the 4,400 hours are those between sunrise and sunset. More- 
over, the two figures need not necessarily refer to the same years. 

4?. De Blit le the central meteorological observatory for the Netherlands. 
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almost double that of the latter. Even 
with its many showers, the notorious cli- 
mate of Bultenzorg has almost as many sunny 
hours as Batavia; so Indeed the European 
coming from the Netherlands can speak of 
"sunny India" ! 

With 80^ sunshine, as for example 
has been observed at Pasoeroean, the sur- 
face of the earth, according to the table 
on page 10], receives approximately 53^ of 
the radiant energy of the sun. While with 
30^ sunshine at Ngadawono only about 515^ 
of the radiant energy Is received. Thus In 
the Netherlands Indies there are places 
which are close to each other, yet one re- 
ceives but about 4/7 of the radiation of 
the other. It Is apparent that with other- 
wise equal circumstances, this must affect 
assimilation and vegetative production. 

Yet little has been observed of this effect 
on the development of plant growth In gen- 
eral, since differences In the trend are 
obscured by the action of other factors. 

The principal opposing factor Is no doubt 
that a high amount of sunshine Is accom- 
panied by drought, so that a lack of water 
more than nullifies *the advantage of much * 
radiation, arrests growth, and even leads 
to a fall of leaves as In teak forests. 

Then assimilation Is, of course, entirely 
excluded. Where, however, In times of 
much sunshine man comes In and artifici- 
ally by means of irrigation can abolish or 
prevent the lack of water, there the great- 
er assimilation results In greater vegeta- 
tive production. 

According to the figures In Table 44 
from Arrhenius, the lands along the tropics 
receive more radiation than those on the 
equator. If a deficiency of water could 
be eliminated we should In consequence ex- 
pect a higher production of vegetable mat- 
ter there than on the equator. 

But In addition to the direct ra- 
diation the temperature also has a role to 
play in assimilation. 

This Influence of the temperature 
upon the assimilation Is no doubt known 
from numerous scattered observations, but 
It Is remarkable that experiments have al- 
most never been carried out in the tropics 
or elsewhere In such a way that the results 
are of direct Importance for the tropics.**® 


Because presumably each kind of plant has 
Its own maximum, minimum, and optimum tem- 
peratures, not alone for assimilation but 
also for respiration (which In a certain 
sense again partially breaks down the gain 
of organic matter) and for growth. It Is 
very difficult without experiments to come 
to definite conclusions for a whole flora. 
Meanwhile, two rules appear* to be Indi- 
cated as being quite probable: (l) the 
optimum temperature for assimilation ap- 
pears, with reference to respiration, to 
lie relatively low: seldom does It reach 
30®C (and that only with a very high CO2 
content of the air), more often It la 
around 23 to 20°C; while (2) for respira- 
tion, In which the carbohydrates are again 
burned to CO2 and water, the temperature 
optimum seems to lie much higher, even be- 
yond the usually occurring temperature 
maxima of the air In the tropics, that Is, 
approaching 30®C. --If these rules are 
generally applicable for tropical vegeta- 
tion and conditions, then It follows that 
from the assimilation optimum upwards the 
materials formed by assimilation are to 
an Increasing degree again consumed by 
respiration, and finally the carbohydrate 
reserves will be destroyed. Then the plant 
cannot grow any more, and it must finally 
be ruined, consuming Itself In spite of 
the best soli and water conditions. Not 
often will It be so bad as all that; par- 
ticularly as plants possess all kinds of 
adaptations, through which the temperature 
of Its organs Is lowered (leaf-position 
for example, of the Legumlnosae; strong 
evaporation). Meanwhile It does appear 
that It Is by no means necessary to accept, 
that the greatest Intensity of vegetative 
production on earth must lie at places 
with the highest radiation and the highest 
temperature; --on the contrary It Is quite 
conceivable that along the tropics the 
temperature repeatedly rises so far above 
30®C that the surplus of organic matter, 
above the quantity consumed by respiration, 
decreases significantly. 

But then also at still higher 
latitudes, for example between 30 and 30^^ 

N and 3 Latitudes, with average t^smpera- 
tures of from 17° to 23°C the production 
can well be just as largfe as at the 


48. Cf. Schlmper, Pfl. geogr. auf physiol. GcTundl. (I898), p. 55; Idem . , p. 255. Cf. Lundegardh, 1. c ., 
p. 109-126. 
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equator at 23^ to 27^0. And such condi- 
tions would also exist In the tropics at 
elevations of 1,000 m., for example, where 
temperatures of 19 to 21°C. prevail. On 
the grounds of what has been said above, 
there Is no occasion to wonder about the 
fact that In the mountains of the Indies 
at such elevations there are sometimes 
just as heavy tropical rain forests as at 
sea level. 

The peculiar difference between 
this production In the tropics and at 
higher latitudes Is not a matter of maxi- 
mum Intensity, but of the duration, which 
is 12 months In the tropics, while less 
at higher latitudes. In the Netherlands 
it Is as little as about 4 months, hardly 
longer than the trees, on the average re- 
main In full leaf. 

It is very doubtful If experimental 
determinations or exact calculations of the 
total production of organic matter per hec - 
tar In the tropics have ever been carried 

' j f ' t j 

out. Thus Vageler expresses himself 
very cautiously about this; "The yearly 
production of fresh organic matter in the 
primaeval forest approaches 100 tons per 
acre on a cautious estimate." (290 tons 
per hectar.) 

How this amount was arrived at, 
together with the "approximately 90 tons" 
for the "monsoon forests," he has not 
stated. Regarding the savannas Vageler 
aays:^^ "The savannahs In this sense are 
not far behind the monsoon forests In pro- 
duction of organic matter. A cautious 
estimate would put the production at about 
twelve tons per acre per year." (30 tons 
per hectar.) 

For European trees, beech, spruce 
and fir, Ebermayer ^ stated that they all 
three per hectar per year produced ap- 
proximately the same amount of dry organic 
iTUitter, that Is 6, 27B, --6, 272 and 6,339 
kg., or 6.3 tons. The total amount of 
"forest litter" falling from them he cal- 
^^uiated at 4 , 066 , --3,668 and 3,706 kg. or 
approximately 4 tons. If one compares the 
figures of these two Investigators, then 
it Is obviously necessary to accept in 
the "fresh organic matter" of Vageler a 
sizeable proportion of water. 


However this may be. In each case 
from the tropics up to latitudes of 60 to 
60 *^, It must be considered very desirable 
to obtain, according to uniform methods, 
figures of the maximum vegetative produc- 
tion of organic matter. Not alone for the 
scientific value of It, but also because of 
a question of a practical nature, namely In 
how far. In proportion as the earth becomes 
more densely populated, will the production 
of (useful!) organic matter be transfered 
more and more toward the equator. 




The breaking down of "organic matter . " 
iMlnerallzatlon) . ”” 

It has been already mentioned above 
(page 102), that through the respiration of 
plants a large part of the substance formed 
goes back again Into the air as CO 2 and 
water. This book Is not the place In which 
to go farther Into that; It Is enough to 
remark that during warm nights with over- 
cast sky this respiration must be signifi- 
cantly stronger than In the brighter cooler 
nights; this can be a reason why at one 
place in the tropics the plant *3 own con- 
sumption of elaborated materials Is much 
greater than at another. 

That resplrat lonal loss of organic 
matter, however, falls outside of the sub- 
ject with which we are here concerned, 
namely the mineralization of the vegetative 
offal . This occurs: 

1. in part, very slowly, directly; but, 

2. predominantly very rapidly, Indi- 
rectly, through the activity of de- 
composing organisms on and especi- 
ally In the soil. 

1. The direct mineralization 
(oxidation) of organic matter simply by 
the oxygen of the air without the assist- 
ance of organisms, Is Indeed accepted by 
many as a fact, but the necessary figures 
to. prove It are not found In the Nether- 
lands Indian literature; and as good as 


4^. P. Vagflor, An introduction to tropical soils, iranelatod by H. Greene (1933), P* 84, 
'jO. Vageler, 1. 0 ., p. ^0. 

51 . E, Ebermayer, Lehre v/d Waldstreu (I876), p. 68; Foretl. Naturw. Z. 1894 . 
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not at all even in the European or American 
literature. For example, Rohlnson writes^ ^ 
In hl3 hook on soils: ’'Whilst purely chem- 
ical decompositions play a certain part In 
the decomposition of plant residues, par- 
ticularly In tropical soils, these changes 
are mainly due to the activity of the soli 
fauna and flora." Then he continues to 
dlsucss the fauna and the flora, and the 
reader learns nothing mor^ about the form- 
er question. Sir John Russell^^ In the 
latest edition of his book, In other re- 
spects so excellent and complete, does not 
even touch upon direct oxidation. Hall^** 
goes even farther and definitely expresses 
himself negatively: "These changes (of the 
organic material), at one time regarded as 
purely chemical, are now recognized as de- 
pendent upon the vital processes of certain 
minute organisms, universally distributed 
throughout cultivated soli." Here there 
Is no question of "both. .. .and" but only 
of "either. . . .or. " j 

Q 5 5 

On the contrary Ludegardh In 
speaking of mineralization says: "in farm 
yard manure and urine there are various 
aromatic compounds which are strong plant 
poisons; but they disappear very rapidly 
In the soil." He Implies that these 
"strong plant poisons" are also poisonous 
for the organisms living in the soil, and 
are not broken down by organisms, but 
simply In a chemical manner. Indeed, he 
continues as follows: "Not all processes 
of oxidation In the soli are biologically 
conditioned; a sterilized soil also slowly 
evolves carbonic acid. (cf. J. Konlg and 
J. Hasenbaumer, Landw. Jahrb. 55 (l920), 

3. 200)." 

In a complied digest for reference 
Konlg and Hasenbaumer state that A. Splec- 
kermann and J. Westhues^® sterilized a 
quantity of soli at 150°-172°C and there- 
after at ordinary temperature found during 
7 weeks a carbonic acid formation of: 

6 l mg. per 5OO gr. sterilized soil 


179 mg. per 5OO gr. sterilized soil Inoculated with 

Bacillus 

racemoBUfl 

274 ” ” 500 gr. " ” Inoculated with 

Bacillus 

vulgatus 

156 '* " 500 gr. ” ” Inoculated with 

Btreptothrlx 

chromogena 

If we accept that apart from 
biological Influences the Inoculated soil 
also continued to produce C02> then the 
bacteria In this experiment did not pro- 
duce more than three times the production 
of the sterilized soil, and that non- 
blologlcal carbon dioxide production must 
be considered as a factor. 

With this we have now come Into 
the field of definite observations. It Is 
certainly notable that most Investigators 
who published observations regarding the 
biological production of carbonic acid by 
soil organisms, completely neglected this 
factor, not even mentioning a word about 
It and thus apparently a priori agree with 
Hall, as recorded above. 

Now since It has appeared that 
through pure chemical action from plant 
remains and humus ^ the soil Itself car- 
bonic acid can develop, then one may still 
more expect similar production from similar 
kinds of offal on and above the surface of 
the soil, not alone because of the higher 
O2 and lower CO2 concentration In the at- 
mosphere but especially because of the 
active rays therein. 

The light rays are the most impor- 
tant, but a close second to them are cer- 
tainly also the ultraviolet rays. It has 
been long presumed that In the tropics 
these penetrate through the atmosphere to 
the earth* 3 surface to a lesser degree than 
in the cooler regions of the earth. That 
now appears to be Incorrect. What the 
"mineralizing effect" of those rays Is, 
however, we do not know. Once again, ac- 
tual evidence Is not available; there are 
however Indications as to the direction. 


52. G. W. Rotlnflon, Soils, their origin, constlt. and classlf. (London, 1932), p, 126. 

55. £. John Russell, Soil conditions and plant growth (London, New York, 1932). 

54. A. D. Hall, The soil (London, 1931), P« 215. 

55. Ludegardh, 1. c ., p. 393* 

56. See J. Westhues, Dlsert. Monster l/w. I9O5. 

57. Cf. J. Clay and T. Clay, Jolles, Proceed. Kon. Akad. Wet. Amst., ^ (1932), p. 69-82, and I72-I85, 
and: M. P. VrlJ., Dissert, Amst. (June, 1932), (especially pp. 6O-6I). • 
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In daylight, especially In direct sunshine, 
numerous dyes become bleached while In the' 
dark they remain unchanged for a long time. 
Numerous organic materials, In the pure, 
colorless state when exposed to light and 
air, are In the course of time dlacolored 
and become gummy. Whether It Is always 
the direct action of the light rays which 
Is responsible for this. Is a question. 

It Is also possible that the rays produce 
ozone or hydrogen pergxlde, to which must 
be ascribed the action and decomposition. 
Perhaps we may have to fall back upon the 
dehydration theory of Wleland^® for ex- 
planation; according to this theory acti- 
vated hydrogen and not oxygen Is the first 
agent. "it Is characteristic In the proc- 
esse referred to here, that always oxida - 
tion and reduction accompany each other , 
even though that reduction Is In many 
cases a reduction of free oxygen to water." 
In the case of the alteration of plant re- 
mains which we have already broadly con- 
sidered, the oxidation must ultimately 
lead to carbon dioxide and water. Thus we 
can visualize the enzymes such as oxidases, 
peroxidases, catalysts, etc. In the plant 
residues, acting as do the inorganic cata- 
lysts such as Fe, Mn, Cu, etc. 

Therefore there is no sense In fur- 
ther discussing this subject which has not 
yet been entirely worked out experimentally 
as to Its application to the soil. Suffice 
It to mention that If sufficient breaking 
down and oxidation of plant remains In a 
non-blologlcal manner exists to an appre- 
ciable degree In the tropics, then because 
of the high temperature, the abundant 
light, and the high content of Iron oxide 
In the colloidal condition In many kinds 
of soils, this oxidation will certainly be 
of more significance than In the regions 
of the earth which are cooler and have less 
light. 




This, however, does not deny that 
everywhere In the world the changes which 
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the plant residues undergo as a result of 
the action of the fauna and the mlcroflora 
on and In the soli remain of very much 
greater significance-. 

The progress of soil science In 
this field In the last ten years has been 
bewllderlngly great. It can be said with- 
out exaggeration that almost every month 
Important new discoveries have been added. 
But all that Is new does not come from the 
Netherlands Indies; In 1932 not even a 
single soli microbiologist was working 
there. In Europe and the United States 
of America they are found by tens. So In 
this respect In comparison with higher 
latitudes the tropics are seriously back- 
ward. It Is to be hoped that there will 
soon be an Improvement. 

Hence what Is to be discussed here 
Is science In general and, for a preponder- 
ant part, science of the temperate climatic 
zones. In doing this we must be continu- 
ally mindful of the necessary adaptations 
to be made, while even the principles must 
be applied with caution to the soils of 
the tropics. 

As has already been said on page 
97> we first of all differentiate the "or- 
ganic matter" Into dead plant remains and 
living organisms. The most Important con- 
stituents of the discarded and dead parts 
of plants are: 

a. Substances easily soluble In water 

as salts (for example the Ions NH3, K, 
Na, Ca, Mg, 3 O 4 , Cl, NO3), and In 
addition sugars, starch, amino acids, 
etc. 

b. Soluble but "difficultly decompos- 
able" tannin substances and the like. 

c. Substances quite Insoluble In water, 
but "easily decomposable," such as 
cellulose, pentosans, etc. 

d. Insoluble and difficultly attacked 
substances such as lignin, cutln, 
resins and waxes. 

e. The nitrogen-containing "protein 
substance. " 


58. Cf. Cammentaar op de Ned. Pharmacopae . , ^ p. 21 , 

59 . Cf, 0 -. Van Itereon, Jr., Rectorale rede. Delft, (8 Jan. I926), p. I5-I5. 

The five that since I905 have been active In this field In the Netherlands Indies, have all left and 
have not been replaced (1952). 
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Nov each of the groups of soli 
organisms mentioned above (page 97 ) attacks 
these different sorts of organic substances 
(a-c) In Its own peculiar way, and even 
within each group the many different sorts 
of organisms again have their own prefer- 
ences and methods. 

It Is obvious that In a book such 
as this we cannot go Into all these inter- 
esting particularities®^ which arise; It 
Is Imperative that we restrict our discus- 
sion to Important general points. 


Quantitatively, bacteria and molds 
certainly do the most work. Which of the 
two Is the most Important depends more or 
less upon the magnitudes of the following 
factors; moisture, access of air, tempera- 
ture, degree of acidity, supply of food 
materials . 

The "resting spores" of almost all 
the microorganisms in question can endure 
a relatively Intensive and sometimes long- 
continued drying out; other spores and the 
vegetative forms, however, cannot. They 
grow only In the presence of much moisture; 
bacteria proper only with such a degree of 
moisture that the relative humidity of the 
air around them Is at least 98 per cent. 
Molds can thrive with less moisture, that 
Is, with a relative humidity as low as 8*3 
per cent. In a medlam wherein the relative 
numldlty varies between 83 and 9 ^ per cent, 
the molds are practically the only micro- 
organisms that grow. 

The supply of air Is Important 
only In so far that this determines the 
supply of oxygen, both In gas form as well 
as dissolved In water. With an abundant 
supply of oxygen, molds grow very much 
better than with a deficiency. Of the 
bacteria, this also applies to the aerobic 
sorts; with a shortage of oxygen or an en- 
tire absence of It anaerobic bacteria come 
Into the foregound although some kinds can 
adapt themselves to both conditions. 


As to the temperature, three broad 
groups, each with Its own minimum, optimum, 
and maximum, can be differentiated. They 
are the psychrophlllc microorganisms with 
an optimum around about 10 °C the mesophlllc 
which have the optimum about 25 to 55 and 
the thermophilic with the optimum about 50 
to 65®. In no sense however are these 
sharp boundaries. Most forms belong to 
the mesophlllc group; at least, this Is 
the case In temperate regions. In the 
tropics one might expect that ^ a shift- 
ing takes place (which may be of no sig- 
nificance), It would be toward the thermo- 
philic side. In a general way this applies 
to the bacteria, with which we include the 
actlnomycetes . The molds have a tempera- 
ture optimum which somewhat resembles that 
of the higher plants, whose optimum lies 
somewhat lower, around 18 to 25 °C. From 
this It should follow that below 25° or 
20° the conditions become more favorable 
for the molds as compared with the bac- 
teria. However, If the temperature rises 
above 50°, and especially If above 55°^ 
then the conditions of life for the molds 
become much less favorable, while at this 
point certain bacteria flourish luxuriantly. 

The degree of acidity of the medium 
Is an Influence not to be underestimated. 
With a pH of 6.5 to or somewhat more 
generally from 5*5 to 7 * 5 > the bacteria 
are In their element. The actlnomycetes 
prefer a pH greater than 7 > and In an acid 
medium they decrease In number. In more 
acid surroundings, with for example a pH 
of 5.5 to 5 ‘ 5 f the molds obtain the upper 
hand, since this degree of acidity suits 
some kinds. Other kinds do not so much 
prefer this degree of acidity, but they 
are better able to resist strong acidity 
than the bacteria, which In such a sour 
medium with an Increasing degree of acid- 
ity greatly decrease In number. Hence, 

In soils just about neutral, bacterial 
activity predominates, while In acid solla, 
the molds sound the dominant note. 

When we come to the food materials 
of the microorganisms, a differentiation 
must be made between the true organic 


61. Cf. the extensive treatment of this research In: Handhuch der Bodenlehre VII, p. 113 - 10 ^ ( sic) under 
the title K. Malwald, Organlsche Bestandt. d. Bodene. Further the excellent work of K. John Russell, 
Soil cond. and plant growth. Chaps. V-VII. A. Dan Rlppel, Handhuch der Bodenlehre VII, p. 

Alg. Bemerk. U.d. Lebenshed. d. Mlkroorg. Im Boden. Finally 3 . Waksman, Principles of soil micro- 
biology (1927). 
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constituents and the Inorganic with which 
not only Ca, K, Mg, etc., and PzOn, SOs, 

Cl, are included but also NH3, NO3, NO2 
and COg* The latter group Is more Impor- 
tant to the molds, while the former Is of 
greater weight for the bacteria. This 
presumably Is connected with the following 
characteristics of those two types of soli 
organisms. With respect to the role which 
is played by the molds In the conversions 
In the soli, Russell^'^ says: "that they 
are, of all soil organisms, the most eco- 
nomical In their metabolic processes, 
transforming Into their own body substance 
more of the carbon of the compounds they 
attack, and dissipating less of It as COg, 
than any other group of organisms In the 
soil.; .... they may transform Into fungal 
tissue as much as bO or 60 % of the com- 
I ound decomposed." --In contrast with 
this we read on page 402 ; "An Interesting 
distinction has been observed, • however, 
between bacteria and fungi. Fungi reasslm- 
ilate 20 to 60 % (usually 70 to 40%) of the 
carbon of the substratum they have decom- 
|)03ed, while bacteria reasslmllate much 
less, only 1 to ^ 0 %, usually b to 10%. 

But for one part of carbon assimilated, 
bacteria assimilate considerably more ni- 
trogen than do fungi, containing In their 
dry substances 10-12% N against In 

the dry matter of fungi." 

The bacteria are thus Indicated as 
the organisms which really break down the 
organic matter remalnlnf^ over from the 
plants; the molds convert the materials , 
at least In part. Into new organic matter 
vhlch remains behind In the soil . Rlppel^^ 
also expresses this notion more strongly 
than does Russell: "Fundamentally In quan- 
titative relations bacteria and molds may 
be differentiated (if one excepts the 
resins) In this respect: the molds, as 
Agporglllus nlger , use about l/7 of these 
prepared organic materials for the build- 
ing up of the body substance of the or- 
ganisms, the bacteria use only about 1%. 
Thus In mineralizing, bacteria will work 
more rapidly while molds fix organic sub- 
stance stronger and longer." 


If we now ask: for the tropics, 
what significance Is to be attached to the 
results stated above?--then, as a point of 
departure we may say that, taking Into con- 
sideration that the average soli tempera- 
ture Is much higher than In the temperate 
regions, therefore the bacterial activity 
predominates over the molds. The higher 
the temperature rises above 30 °, for exam- 
ple, the clearer this advantage becomes. 

On this account In the lowlands In the 
tropics, bare soil which Is adequately 
moistened by the rain will exhibit a flora 
predominatingly bacterial; while a heavily 
wooded terrain In the mountains at such an 
elevation that the soil temperature becomes 
about 20^0 will have a flora In which molds 
predominate. These various things being 
true, It would seem that these generaliza- 
tions which are the results of experiments 
being carried out In Europe, might be ap- 
plied directly to conditions In the tropics. 
And this is confirmed by the following 
statement by Russell "So far as Is 
known, the composition of the soli popula- 
tion shows remarkably little variation In 
different parts of the world. The charac- 
teristic groups of algae, bacteria, fungi 
and protozoa are the same In the Arctic as 

In temi-^erate and tropical climates " 

Now where the bacteria have the 
upper hand, that is with a high tempera- 
ture, much moisture and with but limited 
supplies of air, the optimal conditions 
are found for the mineralization of plant 
residues, and this combination of condi- 
tions Is particularly well developed In 
the moist, low, hilly lands of the tropics. 
The consequence Is that but little organic 
matter can remain either In the original 
or transformed ("humus") state. But above 
about 1,000 m. elevation the temperature 
Is much lower, the molds, which have a 
less drastic effect upon the organic mat- 
ter, even though It be conserved In their 
own bodies, obtain the upper hand. Thus 
even with much moisture and good aeration, 
the higher the elevation, the more humus 
that remains. But since the destruction 
Is roughly proportional to the vegetation. 


6 ^’ H. L. Jensen, Various papers published In 1931 In: Soli Science and Journ. Agrl. Science, as well as 
Rothamsted Mem., Nos, l4 and I3. 

65. E, John Russell, Soil conditions and plant growth, 6th Ed. , pp. 587 and 402. 

A, Rlppel, Handbuch der Bode nlehre, VIII, p, 602. 

^5. E. j. Rueeall, 1. o ., p. Itl8. 
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this humus content cannot continue to in- 
crease indefinitely. With 2 or 3 times ’as 
much humus the mineralization is thus 2 or 
3 times as great. Although the vegetation 
may increase the organic matter somewhat, 
it cannot Increase it greatly. 

Wlien in the tropics a terrain 
stands under water, this means that free 
ojygen is lacking so that the conditions 
are unfavorable for most of the molds. Of 
the bacteria only those kinds can grow 
which are anaerobic or facultative anaero- 
bic. They will continue to grow as long 
as the soil and/or the water (as well as 
the vegetable remains) offer adequate 
quantities of inorganic food materials. 

In the low coast land of the Netherlands 
Indies swamps and marshes are found which 
answer to this description. The result is 
that while there is an Important amount of 
mineralization, this process is less ac- 
tive than on land which is not submerged. 
Consequently there is a small to moderate 
formation of humus, the smaller, the high- 
er the pH. Such conditions are, for ex- 
ample, found in limestone tracts. This is 
the simple reason why peat is never found 
in limestone tracts in the Netherlands 
Indies where, because of a considerable 
content of lime in the form of bicarbonate, 
the water is "hard.” This is also why the 
water in peat is never hard. Fresh vol- 
canic ash also gives alkaline water, rich 
in Ca and Na. Thus the ash also has a 
favorable action upon the bacterial life, 
so that as long as the pH remains between 
7 or 8 and 6 or 4.3, the chances of peat 
accumulation are small or negative. If 
however the ash is so far weathered out 
that practically all the Ca and Na have 
disappeared, then the possibility of numus 
accumulation exists. But the pH has most 
probably fallen to 4 or even lower, the 
medium becoming very acid. 

There is also the chance of an 
acid medium where, from the beginning, the 
Ca and Na are either lacking or reach but 
very small concentrations. This might oc- 
cur in the region of the "acid" (silicic 
acid-rich) rocks such as granite, llparlte, 
and sandstone. In conformity with these 
conditions there is found on Java but 
little peat, while on the contrary, there 
is much of it on Sumatra, Banka and Billi- 
ton, Bbrneo, and New Guinea. 


If on the basis of the preceding 
presentation we now endeavor to draw a 
graphic picture of what, for example hap- 
pens to the waste material from a tree in 
the tropical high forest, we would arrive 
at something like the following: 

Leaves, twigs, flowers, and fruits 
fall, and now and then heavy branches. 

Once on the ground they are immediately 
attacked, bored through by all sorts of 
gnawing insects, in a word they are prin- 
cipally broken up mechanically . In the 
meantime (sometimes even before they had 
fallen) the mold spores attach themselves 
to the fallen parts of the plants and the 
molds disintegrate the solid connections 
more and more. At least in loose soil, 
ants, termites, worms and other animals 
take a great deal of the pulverized mass 
down into the deeper layers of the soil. 
But if the soil is very hard, then usually 
that depth is not more than a few cm. How 
ever various changes of a chemical nature 
have also already occurred; out of the 
plant remains the easily soluble constitu- 
ents have been i)artly dissolved in the 
rainwater, and have thereupon gone with 
the water directly into the ground. An- 
other portion of the dissolved material 
has been carried away for good in the 
runoff water. With the mixing of cell 
contents after the death of tliese cells 
there have occurred all kinds of reactiony 
For example tannin will precipitate with 
proteln-llke materials to form products 
which in a certain sense one can think of' 
as leather. --But, if that complex of 
materials, summed up above under (a) to 
(e) (see page 103)has once gotten into 
the soil, then the great breaking-down 
begins . 

All groups of soil organisms 
Immediately start fighting over the easily 
dissolved materials. Sugar and starch are 
completely mineralized by bacteria to CO- 
and water. From these substances, molds 
sometimes leave quite a little dark colors’ 
residue (i.e. "humus"). The fate of the 
cellulose depends upon the reaction in tfu; 
soil; in neutral or weakly acid soils if- 
is the bacteria, the "cellulose devourery. 
which in a relatively short time (a few 
weeks) can thoroughly clean out the soil 
and transform the cellulose into CO2 or, 
in the presence of less oxygen, into or- 
ganic acids. In an acid medium (pH = or 
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lower) molds use the cellulose In their 
transformations of matter. Some molds pro- 
duce, beside their own tissue, "humus." 
Whatever the organisms which attack the 
cellulose, In every case they need nitro- 
gen, and the degree of attack Is propor- 
tional to the quantity of N. About this N 
we will have more to say (see pages 110- 
111 ). 

Because of the N compounds In them, 
with which the organisms build up their 
own protein, the proteins of the waste 
materials are also very much desired by 
the soil organisms. If the protein of the 
plant remains has been used up, then the 
microorganisms eagerly use each other’s 
"corpses," If one may thus speak of the 
dead bacteria and mold cells. 

Apart from their fixation on pro- 
teins, the tannins react chemically, for 
as soon as they come In contact with free 
oxygen, especially In the presence of 
enzymes acting catalytlcally, they readily 
oxidize to dark colored, complex aromatic 
compounds, called phlobaphenes . While the 
tannins are In less demand as food, yet 
in the absence of better materials they 
do not remain unattacked. Something the 
same can be said of the lignins; but how 
the materials are transformed Is not yet 
known. In each case the change occurs 
slowly and owing to this their products of 
partial conversion also form a part of the 
"humus . " 

Resins, etherlal oils, fats, and 
waxes are also ordinarily long resistant. 
For most soil organisms, they seem to be 
unattackable or at least broken down only 
with difficulty. In the long run, however, 
there seem to be some organisms which have 
a use for even these resistant substances. 

Now what are the organic sub- 
stances which may at any one time be found 
on and In the soils of the tropical high 
forest? --They are, 1st, original unat- 
tacked plant remains Tas divided above 
under (a) to (e); also 2nd, living molds 
In the form of a mass of mycellial threads 
running through everything-- living bac- 
teria; dead mold cells and bacteria; and 
finally 3rd, undecomposed, but also In 
part undlgestlble remains of plants, 
vaste products of the molds, and waste 
products of the bacteria. 

# # # # * 


Formerly all the materials summed 
up under (l), (2), and (3), were lunu.od 
together and called "humus." Preferably, 
this Is no longer done. Provided that frum 
group (3) are separated CO2, NH3, NO2, NO3 
and Inorganic salts, all the rest may quite 
well be called "organic matter. " 

Meanwhile what Is meant by "humus" 
has become somewhat uncertain, and we find 
almost as many definitions for It as there 
are Investigators who are Interested In It. 
Grandeau called "matlere noire" that part 
of organic matter which could be extracted 
with lye or ammonia. This Is a practical 
app)roach but If this "humus" Is compared 
with the above division Into three groups, 
then It comprises: a small part of (l), a 
small part of (2) and a quite large part 
of (3). Obviously this does not tell us 
much. 

Besides the total C content, from 
which may be calculated a somwhat problem- 
atical total organic matter content, others 
determine the organic matter which can be 
oxidized by KMn04 or by H2O2. But what one 
really determines, and what not, is however 
still vague. To connect with these the 
conception "humus" Is at least just as 
vague. It would seem perhaps best to 
eliminate the conception and word "humus" 
and for the time being give preference to 
conceptions which can be practically de- 
fined, and to endeavor to get a deeper and 
deeper Insight Into these organic substances 
In the hope that In due time "humus" can 
also be spoken of as an entity that Is un- 
ambiguous and has sense. 


-x- * # 


Meanwhile, In order to get an ade- 
quate conception of what occurs In the 
living soil, It Is unavoidable to devote a 
few pages to nitrogen and Its combinations . 
Simply taking cognizance of a number of 
chemical facts doesn’t get one very far; 
the biological Interpretation must go along 
with them. 

Nitrogen Is taken up by higher 
plants In simple Inorganic forms. Many 
plants prefer nitrate nitrogen but there 
are also plants which definitely prefer to 
take up N as ammonia. It Is probable that 
some plants can also take In N In the form 



110 


THE SOILS OP EQUATORIAL REGIONS 


of asparagine and similar sorts of easily 
soluble amino-amlds, which then serve as 
bonds in the building up of protein. 

Now, whenever parts of plants are 
broken down the cells die and then there 
are liberated: nitrate not yet worked up, 
protein, amino-amlds as splitting off 
products of protein, and therefrom again 
ammonia, if any. In these four forms the 
plant -N returns to the soil again. In 
attacking those four forms the soil or- 
ganisms in a certain sense seriously com- 
pete with the plant roots. Apparently the 
microorganisms directly take up NOs, NHa 
and amino-amlds. They first break down 
the protein and bring it into a form that 
can be taken up. From the combined N ab- 
sorbed they form their own protein. 

As has already been said above, at 
the same time these same organisms break 
down non-nitrogenous constituents of the 
plants, such as cellulose, and feed upon 
the products of the decomposition. Thus 
they build up their C and N containing 
bodies . 

By chemical analyses, total C and 
total N in the soil are quite easy to de- 
termine. Consequently such figures are 
available in great numbers. It has been 
established empirically that the C/N ratio 
is approximately as Indicated by the fol- 
lowing figures (Table 


It is notable Indeed, that in so 
many and such different kinds of soil the 
ratio C/N varies only from 10 to 12. Be- 
sides, it has been observed that where a 
marked divergence does exist, there is a 
striving toward a sort of equilibrium, 
wherein C/N will be about 10 to 12. Also 
under normal conditions of adequate mois- 
ture and adequate air such an equilibrium 
can always be reached. 

If, for example, C/n is much too 
high, then this signifies a surplus of 
constituents of the group A, of the C- 
rlch food materials for the microorganisms. 
Then they attack it, are economical with 
the N, and produce much CO^. Meanwhile 
they multiply strongly. By so doing the C 
'content falls in the desirable direction. 

If there be too little N present, then 
through fixing of N from the air, the N- 
fixing bacteria make up the deficiency in 
order to build up their own bodies. This 
also works in the direction of lowering 

the c/n. 

If man adds N fertilizers in the 
form of NHs salts or nitrate to the soil 
under the conditions mentioned, then the 
microflora is thankful for it and considers 
it an Inducement to suspend temporarily the 
laborious fixing of atmospheric N, and to 
make itself master, to its own advantage, 
of the easily taken up N food materials. 


Table 45 


c/n ratio in various ORGANIC MATERIAI^ 


§1 

0 

Material 

Content in ‘ft 

Ratio 




C 

N 

c/n 

A 

• 

N-poor cereal straw 

Leaves of non-leguminous trees 

Entire plants with flowers and seeds 

Residues of nitrogen-rich plant parts 

45 

45-50 

:)o 

0.5 or less 

1. 5-3.5 

2-3.5 

90-100 

50 

15-30 

11-20 

H 

Good farm yard manure (A -f M) • 

56 

2. 5-3 . 5 

15-20 

S' 

"Organic matter" in the soil (vlthout uiiattacked parts of plants) 

58 

5-6 

10-10 

M 


Fungus mycelium. 

45 

4-8 

6-11 



40-50 

10-12 



66 . Rur.Bell, 1 . n ., pr. 512 and 402 . Malwald, H^dbuch der Bodenlehre VII, p. I83 where is also other 
literature. 
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So It may happen that cultivated plants on 
a C rich soil may ‘be entirely unable, at 
least In the beginning, to profit by a N 
fertilization. If the microflora robs 
them of their Inorganic food materials as 
veil, the crops may even decline. The soil 
strives toward a good C/n ratio but under 
these circumstances the ratio may even fall 
much lover. 

If however the C/N Is lover than 10 
this Indicates a relative deficiency of un- 
decomposed plant remains, or the presence 
of too many microorganisms. These may se- 
crete N In Inorganic form. But If the re- 
action be weakly alkaline, neutral, or at 
most weakly acid, and If there be adequate 
air, then the nitrifying bacteria are In 
their element and produce nitrates. If 
Uie reaction be more acid, then molds come 
more Into the foregound, and they secrete 
Nll'j. In both cases the N content of the 
"organic matter" decreases and the ratio 
c/n approaches 10. --Wliere aeration Is 
Inadequate but water abundant, ammonia may 
also be secreted by bacteria while Is 
simultaneously produced; thus oxidation 
and reduction go hand In hand. 

This presentation Is very simple 
Indeed. In real life there Is much else 
that happens which has not been mentioned 
here. The vital processes already touched 
upon also continue In the soil to a great 
extent parallel with each other, sometimes 
a little more one way, sometimes a little 
more the other. Now elemental N Is fixed 
by the soli, then again liberated as NOa, 
NHa or even as elemental N. But this does 
not particularly affect the relatively 
simple final results. Besides this there 
are C compounds taken up, even CO2, (by 
algae); and usually CO 2 la secreted. Some- 
times however (in case of deficiency of 
air, such as In swamps) It Is given off as 
marsh gas (CH4). 

Thus In accordance with the condi- 
tions, the microflora In the soli appears to 
be quite subject to radical alterations. 

In Its biological composition. Important 
ahlftlngs can occur, sometimes even In a 
short time, while quantitatively certain 
groups sometimes Increase enormously. 

Then again they suddenly almost entirely 
disappear. Among the factors which 


seriously Inlilblt the activity of the 
microflora the following may be mentioned: 

1. Depression of the temperature 
makes the microflora less active In break- 
ing down, or mineralizing the organic matter 
In the tropics, the higher one goes in the 
mountains with conditions otherwise similar, 
the slower the mineralization, and the more 
"humus" accumulates In the soil. 

2. The more acid the medium, for 
example below pH 4. 3 , the more bacterial 
activity Is eliminated. A reaction of that 
degree of acidity obviously Is related to a 
lack of mineral plant food materials such 
as Ca, K, and Mg. Consequently all life In 
the soli will be restricted. And so there 
remains over more organic material, and 
peat formation occurs. 

If there be a lack of oxygen, 
for example, due to the soil remaining con- 
tinuously under water, then only anaerobic 
organisms can thrive. They can only live 
upon the organic matter available to them, 
by coupling the development of CO 2 (oxida- 
tion) with an extensive reduction ("olkohl- 
ung", a partial carbonization), when there 
are available adequate nutrients, as from 
fine volcanic ash. In this is possibly the 
explanation of the formation of certain 
Intensive black kinds of soils. If however 
in a medium with an acid reaction there are 
lacking the Inorganic nutrients, then the 
organic matter remains as It Is and an ac- 
cimiulatlon of peat results. But now with- 
out that "carbonization," at least In the 
commencement, peat deposits In the trop- 
ics, especially very recent ones, are more 
apt to be brown, at most dark brown rather 
than black. 




4. THE PRINCIPAL WAYS OF WEATHERING 

After a discussion of the formation 
and the breaking down, or mineralization, 
of organic matter on and In the soil. It Is 
now possible to consider the Influence of 
these changes upon the composition of the 
weathering liquids, so that we will then 


During a very long time, in gaologlc tlmofl, carbonization has occurred also without the biological 
help mentioned and peat has become lignite and coal. 



112 


THE SOILS OF EQUATORIAL REGIONS 


be able to give the different main ways of 
weathering . 

Herd we will do this achematlcally . 
Opinions may differ as to whether the time 
has already come to propose such a scheme 
as is developed and set out in the follow- 
ing pages, for it is a question whether 
adequate data are yet available to sub- 
stantiate the details of this scheme, and 
whether in the course of time it will not 
perhaps have to be radically altered. It 
seems to me that as soon as objective ob- 
servations have yielded a quantity of data 
along inductive lines, deductions should 
be made as rapidly as possible. Such de- 
ductions, which in no sense should be con- 
fused with superficial or unanswerable 
speculations, will serve as working hy- 
potheses for further progress in soil 
science. In conformity with this convic- 
tion, years ago°® I aspired to unite into 
a schematic outline the various facts and 
the probably occurring possibilities. 

Later these were^^ somewhat modified. And 
again, after another and very valued stay 
in the Netherlands Indies (l950-19;5l) , the 
earlier scheme has been again amplified^® 
in order that in this book it might be pre- 
sented in its "provisionally” final form. 

By "provisional” I wish to express the 
idea that as a result of many new observa- 
tions, analyses, and other researches, new 
insight and ideas will, without doubt lead 
to all kinds of improvements and amplifi- 
cations in the scheme. 


* * * * * 


Main lines of differentiation 

The main features by which the 
different forms of tropical weathering can 
be distinguished from each other are; 


1. the temperature 

2 . the water movement in the soil , and 

3. the acce-ss or exclusion of air 

(oxygen). ^ 

In addition to these we must also 
define the state of affairs at the moment, 
that is; 

4. the stage at which the weathering 
process has arrived. 

It may be noted that the "organic 
matter" is not mentioned here. The reason 
for this is that the organic matter is not 
a primary factor, but a secondary one, 
which is dependent upon the four factors 
which have already been mentioned. It is 
true that in nature there is nothing which 
is absolutely Independent from other thinga, 
but the vegetation is yet so dependent upon 
the four main lines which have been men- 
tioned that, apart from the nature and the 
form of the parent material, they very 
largely determine the weathering form. 

Only the activities of man bring about such 
radical modifications of the situation as 
to necessitate separate consideration. 

These will be taken up after the treatment 
of the natural processes. 

In the same way the degree of acid - 
ity of the weathering medium is not consid- 
ered a primary weathering factor; the de- 
gree of acidity which one may choose is 
entirely to be deduced from the stated fac- 
tors . 


« « « * « 


1. As long as one has his eye only on 
inorganic chemical processes within the 
temperature ranges possible in the soil, 
there are no essential differences with 


68 . E. C. J. Mohr, Over den (Jrond van Java. (Batavia, 1911) • 

69 . E. C. J. Mohr, Tropical soil farming prooesBee with special reference to Java and Sumatra (Translatod 
by Robert L. Pendleton), National Geol. Survey of China Peiping (1955)* 

70 . V. J. Kbnlngeberger, B. C. J. Mohr, G. A. Heeb, De genetlsohe ClQBBlflcatle en Kaarteerlng der Java- 
Sulker-gronden, Maded. Pr. J. 8 . I. (1931), No. Archlef 1931, HI, P* 625 . (Under the title 
Genetic ClasBlflcatloin and Mapping of Java Sugar Cane Solla" this paper has been tranalated by Robert 
L. Pendleton. A typewritten copy of thlB tranfllatlon as Bureau Pamphlet No. 2^20 la available on 
loan from the Inqperlal Bureau of Soil Science, Harpenden, England. See also Monthly Latter No. 39, 
Imperial Bureau of Soil Science, for January, 1935*) 
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different temperatures. It Is true that 
with higher temperatures chemical processes 
on somewhat more rapidly, but the curve 
is smooth. In other words, we can Just as 
veil use 3 Intervals of 10°C, as 5 Inter- 
vals of 6° to differentiate between places 
with an average temperature of 0*^ and 30°C. 
Either units have just as much or just as 
little sense. But once we direct our at- 
tention toward the vegetation, which Is 
correlated with the temperature on and In 
the soil, then It becomes different. 

Then as has been shown above (see 
page 107 ) --there Is a limit, at least 
with adequate aeration, above which the 
mineralization of the plant remains takes 
place just as rapidly or more rapidly than 
the production of organic matter by the 
vegetation. Once equilibrium has been 
reached, there Is no accumulation of organ- 
ic matter, but rather at any particular 
depth there Is a constant amount of organic 
matter In the soil. With Increasing depth 
there Is a decreasing amount of organic 
matter, for It disappears as fast as It 
accumulates . 

Depending upon the nature of the 
vegetation and the soil conditions this 
critical temperature varies between about 
24-30*^0, or on the average about 25-27°C. 
Then, for the Netherlands Indies, this 
temperature Indicates the boundary (about 
200 m. elevation) between the tropical 
lowlands and the lower mountains or hilly 
country . 

A second boundary, also vaguely 
defined, with an average temperature which 
does not rise above 20^0, Is found at about 
1,000 m. elevation. Between the 1st and 
2M boundaries palms are still to be found, 
tut not above the 2 nd one. Higher than 
this In the tropical mountains , even frosts 
occur, especially on flat places and In 
depressions . 

In the tropical hill lands (2OO- 
d^OOO m.), with the Increase of the forest 
vegetation, the content of organic matter 
gradually Increases with the elevation. 

On the other hand without that vegetation 
the organic matter decreases, usually 


rapidly, both through mineralization and 
through erosion (more about this later on). 
A third boundary can be drawn at 


somewhere around l,b00 to 2,000 m. eleva- 
tion, thus with an average temperature of 


o . 1,800 to 2, 

160 


000 


= about 12° to 14°C. 


Above this boundary the tropical high moun - 
tains occur, which In the Netherlands In- 
dies are, for the most part, limited to 
the tops of mountains, and only In New 
Guinea do they embrace extensive are^s of 
high land. As one goes higher, the vegeta- 
tion becomes less and less luxurlfiint. 

Above 3,000 m. where the temperature aver- 
ages 5°-8^C, the forests shrink to elfin- 
wood. Above 4,000 m. the tree vegetation 
ceases, while at about 4,400 m. lies the 
snow line, and on exposed points and ridges 
It lies even lower. 

In short-’-wlth the three boundaries 
mentioned, the Netherlands Indies can be 
divided Into four zones (hot--warm--temper- 
ate--cold) : 


73 a 

Zone or Belt 

Average 

temperature 

Elevation 

(Ha) The tropical 

0 0 

27 -25 C 

0- 200 m. 

lowland 



(Ufa) The tropical 



foothills or 

2 k - 19 °C 

200-1,000 m. 

lower mountains 



(Ma) The tropical 

18 -1}°C 

1,000-1,800 m. 

mountains 



(Ko) The tropical high 

0 

12 — above 


mountains 

the enow 

1,800-4,800 m. 


line 



In Central America (Guatemala) 
similar boundaries have been established^^; 
there the zones have the following names: 
From sea level to 600 m. "tlerra callente" 
= the hot land; that from 6OO to 1,800 m. 
"tlerra templada" = the temperate land; 
and above 1,800 m. to more than 4,000 m. 
"tlerra frla" = the cold land. Here, just 
as In the Netherlands Indies, each zone 
has, besides the most suitable cultivated 


Tl. Compare also: B. C. J. Mohr, Handel. Nat. en Geneesk. Congres 1915 , p. 483 - 491 . 

T2. Compare for New Guinea: A. A. Pulle, Botanlech Verslag In Bull. ^ der MlJ. t. bev. Natuurk. Ond. Ned. 

Kol., p. 35 - 37 ; and espeolally: H. J. Lam, Bot. Pesult. Noord-Nev Guinea Kxp. 1920 , Teysmannla, ^ 

(1921), p. 28^-326. 

^3. W, Koppen, Die KLlmate der Erde. References in Handbuch der Bodenlehre, II, p. 57. 

^ 3 a, Dr, Wilson Popenoe writes (personal oonnnunl cation): As recently pointed out by the erudite Plttler 
(Plsos Altltudlnales In Apuntaclones sobre la Geobotanlca de Venezuela, Caracas, Lit. y Tip. dal 
Comarclo-. 1936 ) It Is a mistake to refer to these as zones. He recommends "belt”. . .Zones are defin- 
itely latitudinal concepts from which the climates of tropical regions differ because (l) they have 
much narrower ranges of temperature, both diurnal and annual, and ( 2 ) they have narrower ranges In 
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crops, its ovn natural flora. In the 
Netherlands Indies, however, except for a 
little tea and cinchona, It Is no use to 
search for cultivated plants above 1,800 m. 
(6,000 ft.). 

For Java, Junghuhn,^^ In the mid- 
die of the last century, was the first to 
give an estimate of the area or extent of 
the different elevation belts . His classi- 
fication however was on the basis of plant 
distribution and not on topography. He 
supposed: 

the first vegetation "belt of 0-2,000 ft. 

= 0-487.5 

about 9&f) of the area. 

” 2nd ” ” " 2000-4500 ft. 

= 487.5-1462.5 m. 
not even 2^ of the 
area. 

" 3rd " " " 4800-7500 ft. 

= 1462.5-2437.5 m. 
at most 0.02^ of the 
area. 

” 4th " " " 7500-11,000 ft. 

- 2437.5-5575 m. 
an Insignificantly 
small and unimportant 
part of the area of 
Java. 

Since Junghuhn*3 time the topo- 
graphic map material has been very greatly 
added to, so that now (l955)i at least for 
Java, It Is possible to measure off the 
areas on the map, although measurement Is 
not yet possible for the remaining great 
Islands. The results for Java, obtained 
by measuring with a polar planlmeter on 
the topographic map,"^® will be found below 
In Table 46. 

In this table In comparison with 
the above recorded scheme we find a 
couple of divergencies. The zone of 200- 
1,000 m. divided Into two zones, one of 
200-600 m. and another of 600-1,000 m. 
Further the contour of 1,800 m. Is not on 
the topographic map which served as the 
base, hence the boundary has been moved to 


2,000 m.; so that the measuring could be 
carried out. 

This measured result varies marked^ 
ly from Junghuhn's estimate. Contrasted 
with less than 2^ of the area above 487.5 m. 
the measuring showed l8^ above 600 m. More 
than 2/!3 rds of the residency of Central Pri- 
angan Is above 600 m. But Junghuhn did not 
have at his disposal maps such as we have 
now. 




2. With reference to the water 
movement In the soil we now return to the 
view taken on pages 62 and 67; which is 
this, that very pervious soil material Is 
differentiated from slightly permeable or 
Impermeable . We shall begin by considering 
very pervious material , and for the first 
case, that In which the water movement is: 

a. continuously In a downward di- 
rection . This Is the case In those regions, 
which In the description of the climate 
(page 58 ff.) were classified as tracts with 
a continuously wet climate. Even though 
there Is detectable a dry season (an east 
monsoon) yet It never becomes "dry"; at 
most there Is less rain than In the west 
monsoon, but the rainfall of every month 

Is more than 60 - 100 mm. Continuously 
fresh rainwater Is added to the soil liq- 
uid. The weathering Is a continuously 
leaching out weathering, from above down- 
wards, always penetrating deeper and deeper- 
As the uppermost layer leaches out, all 
kinds of constituents are yielded to the 
water so that as It goes deeper It cannot 
take up more. Later however. If the water 
no longer becomes fully saturated in the 
surface layers It dissolves more constitu- 
ents In the deeper layers and leaches them 
out. 

b. If after a wet west monsoon a 
clearly dry east monsoon prevails-- (the 
revei se also occurs; therefore It were per- 
haps better to speak of a periodical al- 
ternation of a wet and a dry season), -- 


74. F. JungJiulm, Java, 20 dultsch© ultg. (Leipzig, I857), 1^1. !• 

75. 1 foot considered as O.325 m., 1. c ., p. 48. 

76. Painstakingly carried out by Mr. J.. van Male, for whom Is here a word of recognition and thanks. 
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Table k6 


EXTENT OF THE ELEVATION ZONES OF JAVA ANDMADOERAIN SQUARE KILOMETERS 
AND PERCENTAGE OF THE AREA (ROUND NUMBERS) 


District 

He 

lower 

200 

than 

m. 

^•1 

200-600 

m. 

600-1000 m. 

j 

Me 

1000-2000 m. 

Ko 

Higher than 
2000 m. 

Total 

km^ 


km^ 

i 

km^ 


km^ 

i 

km^ 


km^ 

Bantam. 

5720 

72 

1610 

21 

450 

1 

5 ' 

130 

2 



7900 

Batavia 

2900 

100 

— 

— 

— 


— . 



— 


2900 

Bultenzorg 

IQIO 

51 

1110 

29 

430 

12 

280 

8 

7 

0.2 

3750 

West-Prlangan 

1610 

20 

51*10 

^5 

1830 

24 

940 

12 

36 

0.5 

7850 

Mldden-Prlangan. . . 

Hoo 

8 

1220 

25 

1580 

33 

1580 

33 

64 

1.3 

4850 

Oost-Prlajigan 

1420 

16 

4550 

52 

1600 

18 

1130 

13 

61 

0.7 

8750 

Krawang 

5820 

76 

770 

16 

ro 

0 

c 

y 

130 

3 

3 

0.1 

4950 

Indrama Joe 

2730 

81 

290 

9 

220 

7 

100 

5 

14 

0.4 

3350 

Cher lb on 

1310 

58 

660 

29 

200 

9 

65 

3 

11 

0.5 

2250 

Pekalongan 

.3440 

61 

1230 

22 

540 

9 

4io 

7 

40 

0.7 

5650 

Banjoemaa 

3470 

62 

1180 

21 

450 

8 

420 

8 

35 

0.6 

5550 

Kiedoe 

960 

18 

2900 

53 

9 h 0 

17 

590 

11 

78 

1.4 

5^50 

Jogjakarta 

1780 

57 

1280 

4l 

74 

2 

10 

0.3 

2 

0.1 

3150 

Soerakarta 

3150 

52 

2160 

56 

460 

7 

1 230 

4 

3^ 

0.6 

6050 

Semarang 

6080 

74 

1490 

18 

440 

6 

180 

2 

10 

0.1 

8200 

Rembang 

63B0 

88 

870 

12 

— 

— 

— 

— 


— 

' 7450 

Madloen 

3050 

52 

1890 

32 

660 

11 

250 

4 

36 

0.6 

5900 

Kfidlrl 

4040 

57 

2280 

52 

590 

8 

! 190 

3 

19 

0.3 

7100 

Soerabaja 

5370 

91 

270 

5 

110 

2 

.130 

2 

13 

0.2 

5900 

Pasoeroean 

2180 

25 

3870 

44 

1270 

14 

1170 

13 

353 

4.0 

8850 

Besoekl 

4660 

47 

3320 

33 

1000 

10 

930 

7 

147 

1.5 

10050 

Madoera. 

3270 

96 

210 

4 

— 

— 

— 

i — 

— 

— 

5500 

Total 

71900 


36530 

28 

13050 

10 

8900 

7 

950 

, 

0.7 

131350 



V 




J V 


y 





"V V V" 

82 38 17 


then, If the thickness of the easily 
permeable horizons of the soil, counting 
from the surface to the ground water level, 
I 3 greater than the height of the capillary 
I’lse In that series of layers, the ground 
vater never can rise up to the surface. 

If the difference In question Is more than 
1 m., then the ground water as such can 
never arrive In the drying out zone during 
the dry monsoon. Thus the upper layers 
dry out. The little rain that falls as 
showers remains suspended In the upper 
layers and rapidly evaporates again. In 
short, the water movement stands practlcal- 
j j still , only In the following wet season 


does the leaching out process commence 
again. Hence there Is not a continuous 
but an Intermittently leaching out weather - 
ln£. 

c. If there are similar climatic 
conditions as under (b), but If the ground 
water stands so high that tlirough ascend- 
ing: In tlie dry season it can come up Into 
the zone of evaporation, by which then 
again fresh liquid from beneath follows 
after, then there is In the rainy season 
a downward movement of water In the soli 
and In the dry season an ascending move- 
ment. Consequently a- periodically 



116 


THE SOILS OF EQUATORIAL REGIONS 


alternating water movement occurs. Hence 
there is an alternation of dilution or 
leaching and concentration, and so an al - 
ternating weathering . 

Although leaching out and concen- 
tration can he In equilibrium with each 
other, this of course occurs just as sel- 
dom as In a business enterprise Income 
and expenses precisely equal each other. 

If the leaching out predominates, then In 
the course of a long time the result in- 
clines toward that of (b) or (a); If the 
ascent and concentration predominate, then 
the result tends toward the following 
case (d), 

(d) and (e). The case where the 
water movement In the soli is exclusively 
In an upward direction, so that there can 
only be an ascending water movement , 


either Intermittent (d), or continuous (e). 
This situation does not occur In the Neth- 
erlands Indies. 

Apart from Paloe, the station on 
Celebes which occupies such an exceptional 
place In the rainfall statistics that 
Boerema^^ devoted a separate publication 
to It, no place In the Netherlands Indies 
can be pointed out where there are not two 
or more months of the year during which 
fall at least 100 mm. of rain. Thus every- 
where there are at least a couple of wet 
months. Prom all the 5,300 stations’^® the 
following 20 are the only ones with monthly 
averages which never go above 200 mm. At 
all other stations there Is at least 1 
month per year with more rainfall than 
200 mm. (see Table 47). 

Since various of these stations 
have been established only a short time 


Table 4? 


RAINFALL STATIONS IN THE NETHERLANDS EAST INDIES WHICH HAVE MONTHLY 
AVERAGES LESS THAN 200 mm. 


Station 

Highest 

Monthly 

Average 

Number of 

Months 
Averaging 
above 100 mm. 

Number of 

Months 
Averaging 
100-60 ram. 

Number of 

Months 
Averaging 
under 60 ram. 

Average 

Total 

Annual 

Rainfall 

Ilvakl (Wettar) 

161 

2 

4 

6 

713 

Lombok (Lombok ) 

154 

5 

3 

6 

758 

Bora (Celebes) 

119 

3 

3 

4 

959 

Tandjongloewar (Lombok) 

198 

4 

0 

8 

875 

Walngapoe (Soemba) 

177 

4 

1 ’ 

7 

791 

Melolo (Soemba) 

l‘j 6 

4 

1 


831 

Selong (Lombok) 

194 

4 

1 

7 

929 

AsembagoeB (East Java) 

196 

4 

1 

T 

909 

Walwerang (Solor) 

188 

4 

2 

6 

85 ^ 

Laboean Badjo (Flores) 

188 

4 

2 

6 

928 

Soember Waroe (East Java) 

196 

4 

2 

6 

947 

Maoemere (Flores) 

175 

4 

2 

6 

977 

Loewoek (East Celebes) 

130 

4 

5 

3 

969 

Amboenten (Madoera) 

185 

5 

2 

3 

1008 

Endeh (Flores) 

174 

5 

3 

4 

1146 

Batangmata (Saleler) 

138 

6 

3 

3 

989 

Wonroll (Klssar) 

174 

6 

1 

3 

1018 

Padang Gelal (Palembang) 

131 

7 

1 

4 

1188 

Slngkarah (Sumatra’s West Coast).... 

176 

8 

4 ! 

0 

l 440 

Panggoeroeran (Batak lands) 

176 

9 

^ 1 

1 

135 -’ 


77 * J* Boerema, Over het kllmaat der Paloe-valel., Nat. T. schr. v. Ned. Ind., 2 ? ( 191 B), p. 47 
78. J. Boerema, Kon. Magn. Meteor. Obeerv. Verhand. No. 24 , 
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it Is quite possible that in the course of 
time even some of these may yet drop out of 
this list. This leads to the following 
conclusions: Ist-^-Places where the whole 
year through Is "dry," (that Is, the month- 
ly rainfall always remains less than 60 
mm.) certainly do not occur in the Nether- 
lands Indies; 2nd--places where more than 
4 months of the year have a rainfall of 
more than 100 mm., making possible a deep 
penetration of the water into the soil, 
belong to the three exceptions which may 
for the present be neglected--3lnce these 
cases are yet to be fully confirmed. 

The driest case which one can 
imagine for the Netherlands Indies is where 
a soil, which as a result of a large water 
capacity, even with 2 to 4 wet months, 
takes up and holds fast all the rain water, 
which thereafter again disappears In the 
dry season through evaporation, so that 
the sub-soil has no chance at all of be- 
coming moist. It is very much of a ques- 
tion, whether in the Netherlands Indies 
such a case actually occurs, except at 
Paloe, as mentioned. 

If In a case of that sort the sub- 
soil would still be supplied with water 
which comes in from el3ewhere--for example 
by an underground stream down along a moun- 
tain slope on the upper part of which It 
does rain abundantly, --then there would 
still be a possibility in the Netherlands 
Indies for cases (e)--or (d)--, that is, a 
continuous or intermittent upward movement 
of the water in the soil, a phenomenon 
which one certainly feels is not at all 
common but a very special case. It can at 
most occur only very locally. 

Thus as long as the discussion 
applies to the Netherlands Indies, with 
propriety the cases (d) and (e) can remain 
outside of consideration. But this would 
not hold good for certain other parts of 
the world, 


■**#*# 


If thus far the attention has been 
fllrected toward quite pervious soil or 
toward that sort of parent material (ash, 
tuff; porous limestone) which still is to 
t^^come soil, --we may now proceed to con- 
sider what happens in the case of poorly 


pervious soil material. It Is true that 
that material Is never absolutely impervi- 
ous, but yet frequently It is impervious 
to such a degree that the water movements 
(a) and (b) take place somewhat differently 
And al30--a3 has already been described 
more in detail on pages 66-6'(^, new phenom- 
ena can arise. 

If we therefore begin by first 
viewing all concelveable possibilities, 
then It will readily appear which of them 
will again drop out. We come then to 6 
simple cases of water movement , namely: 

1. Moving downward, much and rapidly, in 

easily porous soil (M) 

y 

2. Moving downward, difficultly and little, 

in poorly pervious soil (n) 

T 

5 . Relatively much rain water is taken up, 
but does not pass through impervious soil 
of great water capacity. IXirlng a few dry m 
months this water again evaporates.. (vv) 

4. Very little rain water, In easily porous 

soil. It moistens the soil but In a few 
days It Is again evaporated. An unimpor- 
tant vice-versa movement (^) = 

(Ralniessness, without water movement, 

also falls under this head.) 

5 . Ascending by capillarity from the ground 
water with difficulty In poorly pervious f 


soil (s) 

6. Much water easily ascending from the 

ground water. In easily pervious soli,. ...(S) 


If we suppose that every time 
during a period of one year two of these 
cases can occur, then we come to the fol- 
lowing combinations: 


1—1 




1—2 

0 0 



1 

1 

2-3 

1 

1 


1— i4 

2-4 

3-4 

4—4 

1-5 

2 — b 

^ f-, 

b— s 

1—6 

2—6 

3—6 

4 — 6 b — 6 
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According to the descriptions, 
from among them a number of combinations 
of mutually excluded cases are at once 
to be cancelled, namely: 

(1-2), (1-5), (1--5), (2-6), (5—6), 

and (5 — 6) . 

Further, for the Netherlands In- 
dies, the combinations with exclusively 
ascending water movement and/or as a whole 
no water movement, can be left out of con- 
sideration, since such desert conditions 
are here unknown. Hence the following 
also drop out: 

(4-Ji), (4-5), (4-6), (5-5), (6-6), 

beeldes also (5—4) and (3 — 5)* 

There then remain. In numbers, and 

symbols : 

(1..1) (1--4) (1-6) (2-2) 

A 

y/ i' V i I 

N N Nr NS n n 

The last named case occurs proper- 
ly only at Paloe. Thus for the Nether- 
lands Indies It Is an exceptional case. 

As long as In the field these two cases 
cannot be easily differentiated, case 
(2--4) can just as well be taken up under 
(2--3). Thus there remain only 6 cases; 

3 for permeable and 3 for Impermeable 
soils . 

As contrasted with earlier divi- 
sions, the principal difference of this 
proposed differentiation Is ju.st this 
that with the good pervious soils Nr enters 
and with the heavy, difficultly permeable 
soils of great water capacity n.vv comes 
In. This appears especially when ques- 
tions of soil air arise. 


3. According to the entrance or 
exclusion of air (oxygen) we have to dif- 
ferentiate: 

Weathering with access to air, and 

Weathering without access to air. 

Although It Is here stated simply, 
actually In nature It Is not usually so. 
Even If from the surface downward spacious 
open capillaries penetrate into the weath- 
ered mass or Into the soli formed from It, 
there will be a difference between the 
soli gas near the surface, which In Its 
composition differs but little from the 
atmospheric air, and the soil gas (the 
soil air) close to the deepest end of the 
capillaries referred to. In the deeper por- 
tions the oxygen content la smaller, the 
carbonic acid content higher. Here we 
shall not go again Into details with 


( 2 - 1 ^) 

( 2 - 5 ) 

( 2 — 5 ) 

(; 

5-" 

5 ) 

1 = 

11 

i ^ 

] 



n r 

n.vv 

n. s 

vv.vv 

reference to the 

soil 

gases . 


We shall only 


call attention to the fact that although 
almost always the oxygen decreases down- 
wards, yet In "continuously dry" soils 
there Is still some oxygen remaining over. 
In order to obtain an oxygen-free soil at- 
mosphere It Is therefore quite necessary 
that the soil be cut off from the atmos- 
phere by a water layer. Therefore the con- 
cept weathering without air (oxygen) Is 
practically equivalent to the concept, 
weathering under water. The latter 
method of weathering may be called sub - 
hydrlc or subaquatlc . In contrast with the 
first-named subaerial weathering with ac- 
cess of air. They might here be designated 
briefly with the first letters of their 
root words (aera (air) and aqua (water)), 
thus with ae and aq. 

Nov In the Netherlands Indies, In 
particular In the lower tracts, cases oc- 
cur when the soil In the rainy season 
stands under water, and In the dry season 
becomes dry and air enters Into the 


79. Cf. on this subject: 7. Gleeecke, Dae Verhalten d. Bod. g. Luft. Handtuch d©r Bodenlehre VI, p. 

302 , where much literature 1 b brought together. See also In this book, pages 68-70. ^ 

80. Although there do occur cases in which the water holds adeciuate oxygen in solution, so that subaqueou 
weathering cannot be called oxygen-free. 
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capillaries or cracks to a depth not to be 
neglected. Nov one can take the stand 
that those two conditions of weathering 
should be considered separately, but since 
here prevails a periodic phenomenon, which 
each year returns without fall, the result 
over many years brings about something 
quite specific, quite characteristic, and 
we can certainly propose the whole as a 
separate form of weathering by itself. 

This form of weathering Is thus neither ae 
nor aq, but the periodical alternation of 
these two, to which might be given the name 
of amphibious ^ ^ form of weathering (am). 

Also the zone which occurs here and 
there In the soil, which through periodic 
(seasonal) rising and falling of the ground 
water level, at one time is aerated and 
then again Is cut off from the air, can be 
considered to belong to am. Different phe- 
nomena observed therein agree with phenom- 
ena of im weathering In the upper layers. 
However, there are exceptions. i 


****** 


Nov previous to going on to the 
actual description of the ways weathering 
takes place, and to what they lead, a 
couple of other Important points should 
first be considered. In the first place 
the profile should be discussed. 

THE PROFILE 


No single soil profile Is homo- 
geneous from the surface to any consider- 
able depth (say a few meters). It is dl- 
'^Ided Into a number of portions or layers, 
sometimes called horizons , which In char- 
acteristics clearly differ from each other. 
(See, for example, Figs. 23, and 3^-37) • 

It obviously does not lie within the pur- 
pose of this book to set out separately 
all observable differences. Only a few, 
vhlch apply in this connection, come In 
tor attention. 


There are horizons which lose 
constituents through the water- movlnjt^ 
through them. Those layers then, become 
leached out . and therefore are called 
eluvial . 

Other horizons will be enriched 
with new constituents by the water moving 
through them. These layers are called 
Illuvial . 

Still other layers take out certain 
constituents from the water percolating 
through and In exchange leave other con- 
stituents In their place. Thus such hori- 
zons are In some respects Illuvial, In 
others eluvial; hence It becomes more dif- 
ficult to name them. But in most cases 
one phenomenon Is of considerably greater 
significance than the other. It Is then 
the predominant one that turns the scale. 

A few examples might Illustrate this. 

On a fresh layer of ash situated 
on a flat hill much rain falls. This 
rain is almost ;)ure water. As this water 
penetrates, It dissolves much, so that at 
first nothing soluble Is left behind. The 
surface layer Is certainly eluvial. 

In a valley with high ground water, 
about 20 cm. below the surface there lies 
some o!’ that same ash. If the rainfall is 
extremely small, from the ascending ground 
water which is evaporated, lime and gypsum 
and perhaps still other salts are deposited 
at the surface. Such a surface layer Is 
certainly Illuvial. 

Let us return to the first example 
and particularly at the time when the sur- 
face layer, still eluvial, has just been 
entirely fretKi of Its bases, so that the 
entering water already begins to take 
kaolin along with It as a sol. As soon as 
this water then reaches the deeper layers 
where bases are still present, then the 
kaolin precipitates again, and there Is 
developed an illuvial clay layer under an 
eluvial layer (red-earth) . Out of the il- 
luvial layer the water continues to leach 
out some bases and perhaps also some si- 
licic acid with it, from which we ought to 
call the layer eluvial. We consider, how- 
ever, that the washing out process is now 
less important and so we retain the name 


This expreealon was used for the first time in Mededeellngen van het Pi'oof station voor de Java- 
Suiker Indus trio (1051)^ No. 16, "de (lenetlsche Classlflcatle on Kaartoorliig der Java-Sulkerrletgron- 
" p, 626 . (See also footnote on page 112. However there were there used the letters R, P, and 
B In place of the symbols ae, am, and aq as here proposed. 
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Table 1^8 

HORIZON DESIGNATIONS USED BY DIFFERENT AUTHORITIES 


Description 

According 
to Stremme 

According 
to Robinson 

According 
to Rueger 

Very humous, eluvial, old surface soil covered 
by a 1 m. thick layer of drift sand 

Ao 

Ai 

B 

Weakly humous, eluvial, surface soil, in a dry 
climate, with lime concretions and gypsum.... 

Ai 

B 

A 

Humus-free eluvial subsoil exposed by heavy 
sheet erosion 

B 

A2 

A 


Illuvial, just as ve Include all accumula- 
tions of Iron compounds (ore beds), padas 
layers, etc. with the Illuvial horizons, 
although ve also know (although one neither 
sees or feels Itl) that they are meanwhile 
exposed to one or another sort of washing 
out . 

Meanwhile It Is evident how a 
single profile can have eluvial as well as 
illuvial horizons. 

So long as ve refrain from any 
Ideas about the genesis of the profile, ve 
may describe this profile by simply number- 
ing the horizons from the surface downwards 
using Arabic numerals 1, 2, 3# ©tc. or 
Roman numerals I--II--III--etc . 

As soon as such genetic differen- 
tiations as Illuvial and eluvial enter at 
the same time, or If one wishes to express. 
In the designations of the horizons, the 
humus content, Roman or Arabic numerals 
will no longer suffice. 

Realizing this, a beginning was 
made with designating the horizons by A, 

B, and C, but If one consults the Inter- 
national literature about It®^ a very seri- 
ous confusion still prevails. Thus one 
worker®^ considers the A horizons to be all 
the uppermost layers, which possess more or 
less humus (organic matter). Another®"^ In- 
dicates eluvial horizons counted from above 
as A layers, without taking Into considera- 
tion the humus content. A thlrd®^ calls 
the "surface soil" simply "A" horizon. 
However It Is generally the practice to 


use Aoj Ai, A2, etc., to divide horizons 
In themselves not homogeneous Into differ- 
ent portions. As to what that confusion 
leads may appear from the above table 
(Table 48) which has been drawn up accord- 
ing to the definitions set up. 




That unanimity Is nowhere to be 
found Is probably to be ascribed to the 
different beginnings which lie at the 
foundations of the systems. In the namings 
one worker endeavors to fix conceptions re- 
garding the genesis of the layers. Another 
believes that "the time has not yet come 
for this" and contents himself with a mere 
formal description of the observed profile. 

Day by day It becomes Increasingly 
more certain that the first-mentioned 
method, as followed by Robinson, Is the 
correct one. Besides Stremme and Rueger 
and other Investigators who are Inclined 
to describe the soils more formally have 
also already let genetic designations slip 
In Into their profile descriptions. 

If one once takes up the standpcrint 
of conscious preference for genetic desli' 
nations of horizons, why should one then 
hold onto the first letters of the alpha!' 
which but Increase the confusion? Only 
because the Russians at the time did that 
(and then, perhaps with reason!)? Ve co'ihi 


82. L. Rueger, Daa Bodenprofll. Handbuch der Bodenlehre V, (1950), p. 1-4?. 

83. H. Stremne, C^und2,/d. prakt. Bodenk., (1926), p. 8. 

84. G. W. Robinson, Soils (1932), p. 33. 

85. Rueger, 1. c ., pp. 35 and 46. 
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just as veil, or probably even better, 
choose symbols vlth more significance, for 
example: 


The greater the slope, the greater 
la the component of gravitation, parallel 
to the surface. For small angles (a few 


for superficial accumulations of organic matter 0 

for surface pluvial soil, vlth much organic matter 0£ 

for pluvial euhsoll with little organic matter o£ 

for pluvial horizons without organic matter £ 

for Uluvlal horizons I 

for disintegrated rocks 0 

for solid rocks, fresh stone (p^etra) P 


An especial advantage of such 
designations of horizons as here consid- 
ered appears In the discussion of erosion , 
which now follows. 


EROSION 

At first sight it Is amazing how 
little attention In general Is given In 
European literature to the erosion of the 
soil . Yet that Is explicable, when one 
compares the Intensity of the eroding ele- 
ments water and wind , working in Central 
Europe and In other lands of the earth, 
such as for example In the Netherlands 
Indies . 

By erosion we must understand the 
mechanical carrying away of soil material, 
so that from the surface downward the soil 
profile becomes cut off, truncated, some- 
times only a little, yet sometimes to such 
an extent that almost nothing of the soil 
is left. Let us consider In the first 
place 


Erosion by water 

It Is obviously principally 
through the action of moving, flowing 
water that mechanical carrying off can 
occur. The erosive power of flowing water 
depends upon l^t'-the speed of the water, 
and 2nd- -the quantity of water. 

The speed Is a function of the 
_3lope of the land, of the resistance which 
the water encounters; and also the quantity 
of water. 


place of Ao 

” ” Ao 

" ” Ai 

" " A or B 

« n 5 

ft ft Q 

n It D 

degrees) of slope (alpha) that power Is 
equal to the weight of the water multiplied 
by sine alpha, and thus just about equal to 
the magnitude of alpha. The erosive force, 
however. Increases more strongly because 
when later the water begins to run off 
with greater speed less water soaks Into 
the soil and thus the quantity of water 
which flows off Is greater. And for that 
reason too, it flows still more rapidly. 

There are two particular kinds of 
resistance which water meets as It flows 
along the surface of the soli. The vegeta- 
tion, especially a network of roots, crawl- 
ing stems, rosettes of leaves, thick grass, 
etc., to a great degree retards a shallow 
stream of water, and prevents It from ac- 
quiring much speed In the direction of the 
slope. But at the same time under vegeta- 
tion a soil surface Is as a rule rougher, 
more irregular, also rore open. Also be- 
cause of this, the speed of flow is re- 
duced, while at the same time more water 
soaks in, so the quantity becomes less, 
and therewith the speed is reduced more. 
Dense vegetation is thus an Important In- 
fluence In reducing the erosive possibil- 
ities . 

But also without vegetation the 
surface of the soil can be flat and smooth, 
or just as well uneven and rough. For ex- 
ample, a soil rough by nature with many 
stones on It, may artificially be made 
smooth by human working of the soli vlth 
hoe, plow, or any other tools. Every 
practical man knows that the retarding In- 
fluences affecting the flowing off of the 
water are considerable. Hence It Is more 
Important, as the quantity of flowing 


In 

It 

n 

n 

n 

n 


In Blanck’fl Handbuch der Bodenlehre, 10 volmnea, It Is true, there are here and there stated various 
things about erosion', perhaps a little more about wind erosion thdn about water erosion; but not 
oven a single separate chapter Is devoted to It. That Is the case In Robinson’s Soils (1932), pp* 
62 - 68 . 
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water la smaller. 

The quantity of flowing water 
however, plays, the greatest role. Not 
alone because with an Increase proportion- 
al to the mass, but also because therewith 
the speed also Increases. It Is true one 
finds very different speeds In a flowing 
layer of water of a definite cross section 
perpendicular to the direction of flow. 

The speed Is the lowest, and Increases 
upward to just below the surface of the 
water, so that, whenever one observes flow- 
ing water from above, he does not obtain 
an accurate picture as to the average 
speed nor as to the speed just along the 
surface of the soil. But still one may 
say that the thicker the layer of water 
flowing over a soil surface, not alone Is 
the average speed greater but also the 
speed along the soil; moreover with In- 
creasing thickness of the water layer and 
therewith coupled with greater speed, ap- 
pear clearer and stronger eddies In the 
water, which whirl up particles of the 
soil surface and bring them Into the 
higher lying faster flowing water mass. 
Hence the eddies greatly assist erosion. 

Now If vegetation (for example 
thick grass) lies on the soli then that 
growth strongly retards the whirlpool ac- 
tion and greatly reduces the erosion. 
Grasses In a strong stream bend over In 
the direction of stream flow and so form 
a sort of protecting cover for the under- 
lying surface, over which the strong stream 
can glide off without doing much damage. 

It Is true that under the grass cover there 
exists a water layer, but It flows much 
less rapidly. If, however, as In many cul- 
tivated crops, the vegetation consists of 
numerous upright rigid small stems, then 
each of them causes for Itself fatal whirl- 
pools, and thus heightens the eroding pos- 
sibilities, because only slight Is the re- 
duction of speed through small Increase of 
resistance . 

In case of Increasing quantities 
of runoff water above a certain amount, on 
bare land, the dar aging Influence of a 
rough and uneven surface begins to act to 
Its disadvantage. This Is, while the aver- 
age speed does not Increase to above that 
of a smooth flat surface (it may even re- 
main lower) yet the possibility of erosion 


Increases. Each stone, each clod of earth. 
Is an obstacle, which causes eddies, and 
therewith promotes whirling up and carrying 
away of soil material. (See Pig. pag© 
123 ). 


# « « « « 


It Is now, however, necessary to 
first distinguish between flat washing off 
(sheet erosion) and gully or channel ero - 
sion (gullying) Sheet erosion, In the 
Netherlands Indies called '* af spooling " for 
short. Is the erosion of a flat surface by 
the rainwater which cannot be easily taken 
up by the soil. In the beginning the water 
flows off over the whole surface of the 
soil In a very thin, but later sometimes 
already centimeters thick layer. 

However, as soon as this water at 
somewhat deeper points or lines collects 
together In gullies, channels, brooks. Into 
little ravines and bigger ravines, the flow 
Is limited laterally, and thereby the depth 
of the water Increases, and so the speed. 




Let us at first limit ourselves to 
sheet erosion . It was already said above 
that this phenomenon begins to make Its 
appearance whenever the soil can no longer 
take up all the rainwater that falls on It. 
So this Is the first beginning of all ero- 
sion, and consequently an Important point 
for Investigation. 

It Is obvious that whether or not 
the critical point Is reached--(and if so, 
when) must depend on the one hand upon the 
soil, on the other hand upon the rainfall. 
The power of soaking up water by the soil 
Is Indeed very variable, even for one and 
the same soil. 

Ordinarily this phenomenon is con- 
sidered as quite simple. It Is stated thet- 
It depends upon the water capacity of the 
surface soil, upon how much water can be 
taken up directly, and further, upon the 
permeability , how much In a certain time 
can be taken In, depending upon how fast 


87. G. W. Robinson, Soils, p. 65. 
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Photo by Mohr 

Fig. Madioen, View from the Hotel Girlmojo at Plaoean. Lahar 
landscape suffering from sheet and gully erosion, on the west slope 

of Mt. Lavoe, V. b. 2 — Wa. Mr, ae, I. 


the water soaks Into the soli. 

But actually It is a very compli- 
cated phenomenon, for it makes a very 
great difference whether the soli is some- 
what moist, such as Is usually the case 
under forest, or quite dry, such as may be 
the case In open, bare land. 

If the uppermost soil layer is 
moist, and in most of the cases the deeper- 
lying layers are also moist then the, so to 
speak, new rainwater connects easily with 
the old moisture and deeper penetration can 
readily take place. 

But it is not so if the sun has 
strongly dried out the surface soil of an 
open field. Then in place of water or 
moisture on their surfaces, the particles 
of the surface layer of the soil have ab - 
sorbed air as a molecularly thin skin. 
Relatively more air is absorbed if the 
particles are smaller and hence, with ref- 
erence to their mass, have a greater sur- 
face. Hence coarse sand has relatively 
little, fine sand more, ash, silt and 


still finer soil material the most. And 
now this may be noted: the first rain 
drops falling remain lying upon the dry 
soil in the form of separate drops, cov- 
ered with a skin of fine soil particles. 

With the slightest slope of the land these 
drops roll off, without soaking ln.°^ 
" Unwetability , " that characteristic of 
many sorts of soil to resist becoming moist, 
is only of a temporary nature. But yet at 
times it is of sufficient significance to 
cause much water to run off at the begin- 
ning of a sudden heavy shower. If that 
same rain had fallen slowly as a drizzle, 
it would all have been taken up by the 
soil. Time is required for the replace- 
ment by water particles of the particles 
of air, which like a mantle surround the 
soil particles. If the soil particles are 
smaller, more time is required, and in this 
same time all sorts of things may happen, 
namely, erosion may commence. (See Fig. 15 .) 
Forest soil especially in tropical high 
forest with much undergrowth, will 


86. If water Is dropped onto a plate with some flour or talcum powder, then for a considerable time the 
loose drops remain standing, without further wetting the underlying powder. Spilt water can also 
be taken up much more quickly with a wet cloth or spoon, than with a dry one. These are analogous 
phenomena. 
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practically never dry out that much. Con- 
sequently one may safely conclude that 
whatever falls on It as rain, will at 
least not find this hindrance to penetra- 
tion. 

There are however also still other 
hindrances to be Indicated. A soil pro- 
file Is never homogeneous In all Its hori- 
zons, and Is cut off at the upper end by 
the soil surface. Something can be said 
regarding the manner In which the surface 
soil can take up rain water, both with ref- 
erence to the rapidity and the quantity 
which it can take up. "Can" Is used here 
advisedly for it Is in no sense certain 
that the soil, if it receives all at once 
30 much rainwater on its surface, also 
will take tt up. For one thing, depending 
upon the conditions In the soil there al- 
ways are possible peculiar differences In 
pressure, positive as well as negative. 

Upon what does the soaking up of 
water really depend? --If wo begin by 
disregarding changes in the soil particles 
themselves (swelling up, for example), the 
question Is especially regarding entrance 
of water Into capillaries already filled 
with air. Hence this air must get away, 
either upwards, or to one side, or down- 
wards, and now all depends upon whether or 
not this is possible. 

In a soil with narrow capillaries 
which connect with wider passages, In the 
beginning at least, the air can certainly 
escape upwards. There is thus opportunity 
for the suction power of the soil, --a nega- 
tive suction which draws the water into 
the soil, --to assort itself, and the sur- 
face layer greedily sucks In the rain. 

But gradually, sometimes quite rapidly, 
all the capillaries fill up, and also the 
larger passages and then the surface layer 
Is saturated. Now the air can no longer 
get away iiori zontaily nor up^wards. The 
only way loft Is downward. If, as a re- 
sult of the capillary suction of the next 
dee oer- lying layer, the soil sucks In and 
draws downward more water, then there de- 
velops In the soil air an excess pressure 
(a positive back pressure) which Increases 
and at a certain point holds up further 
penetration, unless the air can escape 


from the subsoil In one way or another. 

In flat land, however, the air frequently 
cannot get away, and then sometimes pres- 
sure differences have been experimentally 
ascertained®® that are greater than would 
be deduced from the quantity of water which 
had entered. This phenomenon has not In 
all respects been adequately explained. 

However this may be--lf there ex- 
ists a certain excess pressure under the 
water layer which has penetrated, thon no 
more water can be added above, although 
the subsoil may still be bone dry. Then 
water capacity does not help nor does per- 
viousness. The excess pressure must first, 
be relieved. 

Luckily In many cases there still 
exist direct and Indirect "ways out." Di- 
rect ones are deep breaks and passages, 
long hollow root canals, from which the 
roots have rotted away, passages made by 
animals such as ants, other Insects, etc. 
The air also finds a direct way out when 
the land being rained upon Is close to 
the bank of a ravine, for then the air can 
escape through the bank, while at the same 
time the ground water In springs or in 
tile drains can flow away and so make place 
for air pushed out from above. Or the 
pressure may be lessened Indirectly, wiion- 
ever the soli vegetation uses air (oxygen), 
and gives off carbon dioxide Into Its 
place. This latter gas Is much more sol- 
uble In water than oxygen and moreover can 
be fixed as carbonate. 

But still It Is worthwhile to 
realize that It Is possible that In a quite 
permeable soil under a heavy rainfall, only 
relatively little water can penetrate Into 
the soil. In such a case It Is of the 
greatest Importance that an opportunity 
exists for the air to escape from the 
deeper layers. 

Now this will be more apt to take 
place If some time Is available for It. 
Such a shuttlng-off sheet of water In tie 
uppermost layer of the soil always has a 
lower surface which from the nature of t,he 
case Is not uniformly flat, just as the 
soil is never completely homogeneous. 
the water penetrates somewhat deeper Into 
the soil, there somewhat less; and the more 


89. Cf. J. H. Thai Larsen, Meded. Landb. H. Sch. Wagonlngon 34, Verhand, 5 (193O). 

90. If, In order to reduce erosion, one wishes to facilitate the penetration of rain water, then this 
current of thought gives suggeotlons about It. More about this later, In the applied soil eclenco. 



INTENSITY OF TROPICAL RAINFALL 


125 


the first occurs, the sooner at the shal- 
lower point the water Is pushed back by 
the excess pressure of the air. In short, 
where the soil does not have channels for 
the escape of the air many times It creates 
Us own. If that succeeds fairly easily, 
the phenomenon of shutting off recogniz- 
able by the eye by the appearance of a 
water layer on the surface of the soil, 
occurs less often. 

For the penetration of water and 
escape of air, more time Is necessary If 
the capillaries are finer and the resist- 
ance Is greater. This once more explains 
what everyone after all, knows already, 
that a deep soli of great permeability 
(that Is to say, with vide capillaries 
and passages) can take up a heavier rain 
than a soil with narrow capillaries, l.e. 
with a small permeability. And further, 
the same quantity of rainwater, falling 
during a longer time, l.e. with a low 
Intensity, Is better taken up than when 
It falls rapidly In a short time. 

Now If from this last-mentioned 
'/lovii^olnt , we examine the rainfall In the 
Netherlands Indies In comparison with that 
In Central Europe, then It appears^^ In 
the first place that the greatest Inten- 
sity of the rain, calculated per minute. 

Is not so much greater In the tropics 
than In the temperate zone (see Table 49): 

Table 


established a maximum of more than 600 mm., 
and, according to Boerema^^ "for a great 
majority of the stations the dally maximum 
lies between 200 and 300 mm." 

For all that, there are not more 
hours of rainfall a year In the tropics, 
on the contrary, as shown In Table 00, 
page 126, there are fewer. 

The last recorded contrast, how- 
ever, does show how In the tropics there 
are 20 times as many total hours of 10 mm. 
(and higher 1) rainfall as In Central Europe 
and those are just the heavy rains, which 
the soil cannot absorb, no matter how per- 
vious It Is. 

Now If we calculate the rainfall 
per rainy hour we obtain Table 01 (page 
126) . Then, If the rain always fell at a 
uniform rate, from a soli which has a per- 
meability of about 0 mm. per hour, nothing 
should need to run off--all could quite 
well be taken up. But this Is not the 
case. We saw that during 40.7 hours per 
year at least 10 mm. fell. That amounts 
to at least 407 mm. (actually of course 
much more ) , of which we could expect but 
about 200 mm. would be taken up; the rest 
presumably flows off. The balance of the 
annual rainfall (1810 - 407) = l,4oS mm. 
fell In (007*1 - 40.7) = 016.4 hours, thus 
averaging at most 4,4 mm. per hour. And 
yet even this would not all be taken up, 

4 j 


Duration of Maxtmuin Ralnl'aH 


10 30 60 minutes 


Calculated over a time of 0 

The maximum rainfall In the Netherlands Indies amount to 3.4 

per minute In Germany ” " 2.9 


The longer, however, the heavy 
rain continues the more the tropical 
figures will exceed those of the temperate 
region. In the lowlands of Germany for 24 
hours there has never been recorded a 
greater maximum than 200 mm. , In the Cen- 
tral European mountains more than 300 mm. 
On Java, however, there has been 


2.6 2.1 I."' ram. 

2.3 1.6 0.9 mm. 

for In this total there are included still 
many hours of from 0 to 10 mm. rainfall 
per hour! 

Meanwhile we may accept as quite 
reasonable the possibility of sucking in 
about :.) mm. rainfall per hour. How greatly 
divergent the permeability and tlierowltli 
the possibility of the soil soakii^ in the 


91- Cf. c. Braak, Het Kllmaat v. N. I., I, I36. 

92. J. Boerema, Qrootete regenval 1. verb. m. waterafvoer, Watorst. Ingon. (I 018 ), No. 7 . 

93 . Braak, 1. c ., p. 48l. According to Hellraaim; Sltz, Ber. Prouss. Akod. Wise., 27 ( 1923 ). 
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Tal)l 0 50 

COMPARISON OF RAINFALL DURATION IN GERMANY AND IN JAVA 
Average number of rainy hours 



Jan. 

Feb. 

March 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year 

Potsdam. . . 

70.8 

80.6 

62.5 

46.8 

38.5 

52.2 

41.8 

45.9 

43.9 

55.9 

77.7 

80.5 

656.7 hours 

Ba-tavla. . . 

Ik . 6 

51.2 

35.8 

24.5 

21.6 

12.9 

9.6 

7.4 

11.6 

20.4 

39.7 

47.8 

357.1 ” 


Average rainy hours during one rainy day 


Potsdam. . . 

4.3 

5.0 

4.1 

3.2 

3.0 

2.4 

2.6 

2.7 

3.2 

2.6 

4.2 

4.7 

3.5 " 

Batavia. . . 

5.1 

2.2 

1.8 

1.7 

1.7 

1.1 

1.1 

1.0 

1.3 

1.6 

2.1 

2.3 

1.8 " 



Average number of total hours of 

10 ram 

. and more rain 



Potsdam. . . 


— 

— 

— 

0.7 

0.7 

0.3 

0.1 

0.2 

1 

— 



2.0 " 

Batavia. . . 

8.4 

5.6 

5.8 

3.0 

2.8 

1.9 

1.2 

1.2 

2.1 

3.2 

3.5 

4.0 

40.7 " 


Table 51 - 

RAINFALL PER RAINY HOUR IN BATAVIA 



Jan. 

Feb. 

March 

Apr, 

May 

Juxie 

July 

r‘ 

Aug. 

Sept. 

Get. 

Nov. 

Dec. 

Year 

Average rainfall.. 

v>» 

0 



520 

212 

139 

108 

91 

67 

43 

69 

119 

145 

199 

1815 

Average number of 
rainy hours, .... 

74.6 

51.2 

55.8 

24.5 

21.6 

12.9 

9.6 

7.4 

11.6 

20.4 

39.7 

47.8 

557.1 

Rainfall per hour. 

4.1 

6.3 

5.9 

5.7 

5.0 

7.1 

7.0 

5.8 

5.9 

5.8 

3.6 

4.2 

5.1 


Table 52 

PERMEABILITY OF DIFFERENT CLASSES OF SOII^ 



Permeability, calculated In mm. height 

Per second 

Per minute 

Per hour 

Per day 

Stones, gravel 

>1 

>60 

> 4,000 

>100,00;' 

Coarse sand 


60 -0.5 

4 , 000-20 

100,000-500 

Loamy or ferruginous sand... 


0.5-0.0015 

20 - 0.1 

500-2 

Sandy loam to loam, 



0 , 1 - 0.0004 

2 - 0.01 

Heavy loam to clay 



< 0.0004 

< 0.01 
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water may be, appears from Table L2, (page 
126 ) calculated from data of Zunker.^'^ 




From this It appears that only 
gravel and coarse sand,^^ are able to take 
up showers of 20 mm. per hour. No other 
sorts of soil can do this. As to the 
heavier soils their ability to take In rain 
water Is extremely limited. Once such 
soils are wet and saturated (for example 
from previous days), then even a little 
shower of only 3 rrim. will practically all 
flow off. 

On the other hand at the end of a 
long dry period in Impervious clay soil 
the net -work of small to very large cracks 
can be so important that the first heavy 
shower can completely disappear Into them. 
Later, If all that water Is taken up In 
the clods and the soil has swollen, the 
soil closes up completely and practically 
noticing more goes In, perhaps not even 1 
mm. during a rainy period of 100 days. At 
a depth of a few meters below the zone of 
cracking there Is practically ^ water 
movement and only during extremely long 
i)orlod3 of time, which may be measured In j 
geological terms, Is perhaps a change to 
bo observed. 

There are available but very few j 
experimental data regarding permeability 
for the Netherlands Indies. Using a meth- 
od which he slightly modified from tliat of 
Burger Becklng^"^ has determined the 
p(?rmeablllty of a number of soil types 
under certain crops and certain methods of 
cultivation. The great number of deter- 
minations which Becking made show how sen- 


sitive those determinations are to small 
soli differences. His figures, determined 
for every I'j minute period, calculated t,he 
average amount per minute to be about to 
8 mm.,^^ with a minimum of O.O7 and a maxi- 
mum of 23 mm. Later Japlng^^ made similar 
investigations and for sandy soils found 
12 to LO mm., while for the brownish red 
Buitzenzorg lixivium soil, depending upon 
the nature of the crop and cultivation, 
from 0.06 to 39 mm. Prom this It Is obvi- 
ous what an enormous difference It makes 
whether the vegetation consists of a (pre- 
sumably quite old, solid) grass sod or of 
a stand of Grotalarla anagyroldos (on a 
doubtless previously cultivated soli). Of 
the heavy showers not much can run off from 
under the latter cover, but In the solid 
grass sod but little penetrate3--almo3t 
all runs off. 

It Is thus reasonably safe to sum- 
marize: a large part of the rain water of 
by far the greater number of the Nether- 
lands Indian showers runs off over the sur- 
face of the greater number of soli types-- 
(sand and gravel soils without finer com- 
ponents seldom occur here). Viewing the 
question from this angle, there Is thus 
much chance for considerable erosion. Now 
the question may also be viewed from the 
other side, that of the soil Itself. 

A soil may or may not have a tend- 
ency to erode. Of one soil the particles 
are moved in even extremely small streams 
of water, from another soil even a brisk 
stream, loosens scarcely anything. To what 
may this be due?-- 

Wliile It Is true, as has already 
been said above, that In Europe not much 
research has yet been devoted to this 
question, in America a good deal has al- 
ready been done.^°^ The treatise "Soil 
Erosion a National Menace" by Bennett and 


F. Zunker, Dae Verhalten d. Bod. z. Waceer., Eandbuch der Bodcnloin'o VI, p. 173* 

9*:. And aleo tho soils In tho Netherlands Indies which are granulated to such a degree that they behave 
as coarse sand. Tlioy will be considered later on. See p. I'^'O. 

H. Burger, Physik. Eig. d. Wald. u. Frellandboden. , Mitt. Schweiz. C, A. f, forstl. Vers. w. XIII 
(1922). 

'^ 7 . J. H. Beckliig, De DJatlcult. op Java., Dlss. Wagen, (June 1028), p. ipl; Idem In: Meded. Pi'ocfst. 
Boschw. Bultonzorg, No. 22^ ( 1028 ). 

L- 0 ., p. 278 and 222. 

^9. H. W. Japing, Doorl. ondorz. v. f^j^^ondon-Tectona, 2 |^ (I 032 ), 7'^3-82t. 

190. Since this was written tho ononnous and oKtromcly important Soli Conservation Service has boon devel- 
oped In tho United States. Tlio extent and diversity of the experimental work on all phases of soil 
erosion and methods for its control are overwhelming. It is as yet hardly advisable to attempt any 
survey of that work here at this time. — Translator. 
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Chapllne^°^ In 1928 gave a 110031 there to 
soil erosion research. In 1930 there fol- 
lowed a publication by H. E. Middleton, 
wherein were traced the connections be- 
tween a number of soli characteristics and 
erosion. This paper can be considered 
only as a beginning In the right direction. 
In order to motivate this conception it 
may be pointed out that In that study, 
sheet erosion and gullying were not kept 
apart. Then Middleton himself mentions a 
number of characteristics which he thought 
might perhaps be considered of Influence 
but have not yet been studied. While a 
number of others, which were Investigated, 
showed no relationship to susceptibility 
to erosion (page 13). ”lt Is possible that 
the plasticity number would be more signif- 
icant than the lower liquid limit. The 
percolation rates . If available, would 
doubtless be of value." Further he selec- 
ted also as factors those which In one way 
or another have something to do with sus- 
ceptibility to erosion, the quantity of 
organic matter In the soli, "the slllca- 
sesquloxlde ratio , " and the total exchange - 
able bases . 

Typical of the kind of Investiga- 
tion which must prevail as long as one 
still continues to be a stranger to the 
essentials of a phenomenon. Is the deter- 
mination of a value or quantity which has 
been supposed to be related In some way or 
another to the erosiveness, for example, 
the determination of the " slaking value ." 
This Is the time In seconds, which a disk 
of the diameter of a dollar and double the 
thickness of one, formed from the soli to 
be studied, and thereafter dried out, re- 
quires to fall apart, when It Is laid In 
water upon a ring of thin sheet copper, 
approximately 0.9 cm. high, and of about 
the diameter of a 50 cent piece. Middle- 
ton says cautiously that this "slaking 
time" seems to have a certain value, and 
that It seems to be higher for "non- 
eroslve" soils. But the experimental 
factual material was as yet quite Inade- 
quate for more definite conclusions. 

This "slaking value" also In- 
creases with the content of colloids . 
Therewith, according to the opinion of 
this school, the heart of the question Is 


touched. It seems that all of the factors 
summed up above which are of Influence upon 
the erosiveness are closely related to the 
colloids of the sofl, and related not only 
to the quantity of colloids but also to 
their nature . 

If on the basis of the experimental 
data (alas I It Is yet but small) we en- 
deavor to obtain a clear conception as to 
what occurs In sheet erosion then. In order 
to make a beginning, we might well say: If 
the soil particles In the surface soil are 
held together by only relatively weak or 
negligibly small forces, the particles can 
easily be carried along by a flowing and 
eddying stream of water moving over them. 

In other words, a surface soli consisting 
of such loose particles Is erodable. Is 
subject to washing off. 

Gravel and coarse sand are examples 
of soils with negligibly weak forces of co- 
hesion; their erodablllty thus depends en- 
tirely upon the water stream, or more pre- 
cisely, upon the speed of the stream and 
the occurrence of eddies In It. Yet these 
soil components as a rule are not otherwise 
moved and transported except by rolling. 
Thus only by rapidly flowing water, and 
down quite steep slopes. 

Fine sand and silt. If they are 
really free of clay are more readily sub- 
ject to erosion as the diameter of the par- 
ticles becomes smaller. But on the other 
hand, as the 'particles become smaller, the 
power of attaching themselves to each 
other Increases. There Is thus reached a 
limit where the Increase of the mutual 
drawing together and holding fast surpasses 
the decrease of the resistance against 
washing off, due to gravitation. Repre- 
sented by a graph, those two counteracting 
forces affecting erosion oppose each other, 
thus forming two curves (Fig. 8, page 129)- 

Representing It all very schemati- 
cally, the actual resistance against wash- 
ing off Is then the sum of the two coordi- 
nates. Thus, the middle of the curve is 
shown by the broken line, and the left and 
right limbs coincide with the higher parts 
of I and II. Obviously neither the right 
limb of I nor the left limb of II compose 
a part of the combined curve. 

With regard to the curve I a little 


101. H. H. Bennett and W. R. Chaplina, U. 3. Dept, of Agr. Clr. No. 55 (1928). 

102. H. E. Middleton, Properties of Soils which Influence soil erosion, U. 3. Dept. Agr. Teohn. Bull. No. 
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condition. It takes a very lony, time for 
clay to sink out of water which is very 
1 oor in electrolytes. The clay which is 
then strongly dispersed gives rise to a 
hard firm clay layer with a so-called 
"single grain structure." An Illuvial 
clay layer, originating from the soil hori- 
zons above, which are poor in electrolytes 
also has this same structure. Wlien through 
topogra'hic changes it is exposed subse- 
quently to flowing fresh water, or oven to 
sea water, such a clay layer is very re- 
sistant against erosion. This resistance 
is, for example to be observed in river 
banks (see Fig. 9), along the north coast 
of Krawang, wliere the surf breaks upon it, 
and in the Netherlands on the "clay loam" 
of tlio Zuiderzee cut-off dike. But, If 
the highly dispersed clay together with 
its fresh water flows into the sea, then 
the salt in the sea water flocculates out 
the clay, and It sinks in coarse floccules, 
mixed, as a rule, with calcareous organ- 
isms. "Marine clay" of this sort is by no 
means so solid as that described above. 


As lon/^ as there is salt in it, it is 
reasonably fiorous, while the fresh water 
clay layer may safely be called impervi- 
ous. If, however, through an elevation of 
the sea floor, true marine clay is elevatop 
above sea level, and so is exposed to ero- 
sion, then It appears to have much less re- 
sistance against erosion. 

Moreover we have to take into 
consideration definite chai^ges in the clap 
sinking in sea water, that is, with re- 
spect to changes in its ion content; 
changes which are exactly the ones to bring 
about that flocculation, namely, the re- 
placing of H ions by Ca, Mg, K, and Na lori;n 
Conversely we may also sin^pose that all 
colloid-rich soil which exhibits a high de- 
gree of saturation of bases is more floccu- 
lated, more coarsely dispersed, is less 
solid, and is thus more subject to erosion, 
especially to certain types of guHy ero- 
sion. (More about this on page 15?)- 

The statement of Middleton that 
"The non-erosive soils rei'orted have all 
developed under conditions of high annual 



Photo by J. G. van Setten 

Fig. 9. Palembang. High river bank along the MO 00 I, with the 
following profile: 

oE = 1 — 2 ft. Humus, dark brown surfaco soil. Crumbling but bound 
with roots. 

E - t ” al— He.NN.ac.2/3. Crumbly, brown to red. Dry wash! 

6 — 8 " Flecked transition. 

E + I = 6 " al— He.HM.ain/aq. 3 /H. Heavy, slippery clay, pale with 

flecks; loss subject to erosion, hence bulging out. 
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rainfall (40 inches or more), which Indi- 
cates a low slllca-sesquioxlde ratio,” 
corresponds rationally with what has been 
said above. Indeed In the districts with 
a very humid climate the leaching out of 
the bases Is Important, as the colloids 
have an outer mantle with many H-lons. 

All particles are negatively charged, the 
rioccules break up and the soil becomes 
highly dispersed. The enveloping by water 
molecules Is considerable and surrounds 
the particles as a slimy skin does a fish. 
One can thus take for granted that not 
only the permeability Is small, biat also 
the erodablllty. The flowing (rain) wat,er 
slides off over the soil. 

But we have already seen repeated- 
ly that In a warm moist tropical climate 
the relative amounts of sesqul oxides In- 
crease as compared with tdie silicic acid, 
thus with the j)lcture just sketched also 
310 ' 

belongs a low ^ ratio. However, the 

quotation from Middleton Is still incom- 
plete and therefore inaccurate. It is 
Lrue that sesquioxidcs can be present In 
different forms in the soil l£t as col- 
loidal hydroxides, and 2^ as crystallized, 
coarsely dispersed constituents. 

Colloidal Iron hydroxide Is brown. 
Jt is electro-positive when it occurs 
together with colloidal kaolin or with 
colloidal organic matter (humus) whlcli are 
bot,h electro-negative. In these cases 
there is, as a rule, a mutual flocculat I on , 
with the rioccules again clumping together 
to form little lumps, making a mass which 
is pervious to air and water. If, on tlie 
contrary, the Iron oxide is coarsely dls- 
[ersed, crystallized as brown Iron ore 
ic.tlll brown), goethlte (already red) or 
liernatlte (blood red), then it does not 
iiave a flocculating and granulatlni^ act-ion 
in and on the clay (whlcti In Itself can 
ncrnaln a white colloid). In case tlie 
-ollold Is poor In bases, U is excess lv(‘- 
ly dispersed hence impervious to air and 
water. This is the explanation wliy juven- 
brown earth is so pervious, but when 
C’alurated with water quite easily erodable. 
tbit senile red earth Is more difficultly 
i ermeable and Is less subject to washin^^ 
off. 


The same applies to aluminur: 
hydroxide. Wluon colloidal, next t-o brown 
Iron hydroxide, it promotes the floccc]:,- 
tion. But crystallized as hydrargeill te 
scales, or as dlaspore, it doesn't have 
much effect, and finally allows the kaolin 
colloids present to lie Int-act and Imper- 
vious . 

The sentence from Middleton ought 
to be revised to read as follows: "Soils 
310 ' 

with a low ^ ratio, l.e. soils of 

warm humid regions, are ' non-erosl ve ’ If 
the Iron oxide occurs in one or the other 
of the red forms. If however the Iron Is 
brown or brownish yellow, and hence floc- 
culated and p^ervlous, under a rainfall of 
low intensity the soils are only slightly 
erodable (since they are pervious and 
suck up the rain). However under Inten- 
sive rainfall (heavy showers) these soils 
erode' seriously, because the grains lie 
loose, and this looseness Is proportional 
to the absorbed bases that are present." 

Let us consider next what Middleton 
says regarding the so-called " dispersion 
rat lo . " Tills quantity , expressed In per- 
centage, Is the ratio of the quantity of 
particles which are smaller than LO mg, 

(l.e. smaller than sand) to the quantity 
of particles below that same limit, but 
after thorough dispersion and thus the de- 
struction of all cruizbs and floccules by 
shaking in an alkaline medium (very dilute 
aimmonia, NaOH, or other suitable defloccu- 
lant ) . 

It is deal* that we hero have to 
do with whether or not the soil is floccu- 
lated and the resulting; crumb structure. 

All fully disnersed soils occurrlip’ in 
nature give a dispersion ratio of about 
1001. The lowest. iMgures are of soils 
with, a high colloid content, soils whlc!^. 
are f ioccc.lat ed esnd granulated in such a 
manner that, tliey behave almost as sand. 

In Central Europe the denominator of the 
fra ct, ion is seldom cabove O'-, while in 
many Netherlands Indian soils it rises up 
to and miore, Tiie numerator is very 
variable, but for some Indian soils"'"* It 
is strikingly low', only a few per cent or 
even still less. 

Now Middleton says^'^'^ "Tiie 


Ibh, Of^ Mohr, Ergbii. moch. Aral. trop. Boden., Bull, Dost. Agim Ind. Noerl . , No. by, P- IT* 

H. E, Middleton, 1. c., pp. 15-1^. 
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dispersion ration is probably the most 
valuable single criterion in distinguish- 
ing between erosive and non-erosive soils. 

It is logical to assume that soil material 
which is easily brought into suspension is 
more readily carried away by run-off water. 
.... It is probable that on the basis of 
this property alone, soils with a disper- 
sion ratio of less than lb may safely be 
classed as nonerosive." But the question 
is, however, not quite as simple as this. 
Reference might be made to the very exten- 
sive soil type in the Netherlands Indies, 
that is brown volcanic soil, rich in iron, 
very pervious, and non-plastic. But this 
nay be dispersed to more than 90 P^r cent 
"colloid," while if the soil in its natur- 
al state is placed in water more than 99 
per cent sinks as "pseudo- or false 
sand."^^^"^ The dispersion ratio amounts 
thus at most to about 1 per cent. And the 
ero 3 icn?-- 3 mall showers are readily ab- 
sorbed but heavy rains cause serious ero- 
sion. Especially the humous surface soil 
washes off as if it were sand of relatively 
low specific gravity. 

Middleton has m.ado an attem[d. to 
introduce a correction through still an- 
Moisture equivalent ^ 

other factor — rm to divide 

'■ colloid 

the dispersion ratio, and so to arrive at 
an " erosion ratio . " But as yet there is 
not available a very great quantity of ex- 
perimental material, so that thus far no 
significance can ascribed to this fac- 
tor. Moreover, the sense of the factor 
referred to is far from obvious, since the 
numerator is a sort of minimum water ca- 
pacity, obtained in a very arbitrary fixed 
manner by ’res sing water out of a saturated 
soil or throwing it out in a centrifuge, 
and the denominator the percentage of par- 
ticles, smaller than 1 m^i. 

One may tiius say that the theo- 
retical as well as the ex{.erirnenta I inves- 
tigation concerning the erodabillty of a 
soil is still entirely embryonic, but that 
the Iriiportance of the (Question makes in- 
tensive work on it highly necessary. 


Now let us consider various mattery 
relating to gully erosion , which in con- 
trast with sheet erosion ( "af spoeling") 
might well be" called "washing out" (ult- 
spoeling). Yet this latter term is not 
preferable, since as a rule the phenomenon 
of gully erosion goes together with the so- 
called "caving off" of the walls or banks 
of the stream. Thus gully erosion really 
Includes two phenomena. 

This is not the place to discuss 
the whole complex of phenomena which may 
be observed on and along brooks and rivers. 
If one is Interested he should consult 
works on geomorphology. We limit our- 
selves here to the gullies and ravines in 
which the water flows, bef ore it reaches 
a creek bed or river bed . Thus the water 
movement referred to is always temporary 
or intermittent in time, it lasts as long 
or just a little longer than the shower 
lasts, but not longer than that. 

The great difference between the 
two forms of erosion is that here in gully 
erosion both the depth of the stream of 
water and the speed are greater; therefore 
coarser soil constituents such as sand, 
gravel, and stones which are unaffected 
by sheet erosion are moved by gully erosh: 
(Fig. 10, page 133). Iri addition, these 
coarser constituents working with the watpr 
scour out the gully much more and much deci 
er than water alone could do it. Also the 
gradually developing side walls become 
scoured out, and whenever the deeper layers 
of the soil are more erodable than those 
above, there develops above the rapidly 
flowing water an overhanging edge, which 
course some time or other breaks off, and 
falls Into the stream and Is dl s In t egrat r'd 
Into Its constituents (F1g. 17, page 130- 
Gully erosion thus works more 
Intensively than sheet erosion, not only 
downwards, but also horizontally, continu- 
ally widening the gully itself (Fig. 11, 
page 134). Therefore, land with surface 
soil which is quite resistant against 
washing off, can gradually be deprived of 
many layers of subsoil plus surface soil- 
It is sometimes n, pfxllim how, in a few 
years, even in one heavy rainy spell, ero- 
sion can devastate what previously in as 


106. The very oxrjroGElve term "false sand” has been developed from the earlier expression "pooudo-sand, 
which was first used In the literature by: J. J. B. Deusc, Modod. Proefst. Thee., No. ^ (Batavia 
p. IP. 
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Photo by Ph. van Hai'rovold 

Fig. 10. East Java. Deforested slope. In the Boodocan sugar woutral 
district, south from Meraan village. Ei'oslon resul led iVom a single 
night’s rain of 100 mm. On the ton: black eai’tli. V — he.nvv.arr. 2. 


nir'iny centuries was worked up or developed 
hhder forest as surface soil and arable 
fi'oand. (see Figs. 12., page 1:^4; Fig. Ip., 
page ipp.) por as a matter of fact gully 
-I'osion does not continue in the relative- 
ly small gullies with which it began, but 
continually eats out sideways and head- 
^^^s^ds. Especially is this true of loose 


mat.orial, such as frequently cccurrlng 
areas of young volcanic ash and sand In 
the Netherlands Indies. Here gully ero- 
sion Is more Imiortant, and dangerous than 
sheet erosion, since often times the sur- 
face soil is more bound by veati.ering col- 
loids and Is also covered with vegetation. 
However, when a crumbly, humous surface 




Photu by G. Bromor 


Fi 11. Ep.st Java. Tlie cnmi sea between Bromo and Batok. Gully 
erosion In practically fi-csh ash. Ver,/ t,Gmpor.aiv terraefis. BoRln- 

nlny of vegetation. 



Fl/^ IP. Siantar, Eant.CoaGt of Sumatra. Deotructlon in a tea 
(j:arden, brouf^it about durlnp; a sln'^lc rainy night, through r.hcot 
erosion followed by //ullying. Soil: brown lijcivium upon a porous 
liparite tuff: Va. I — \Ka. NN. ae. 2. 
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Flf^. '15* Siantar. Eael Coast of Suinatra. — ^Ravine in t.'-^c lrri^*ation 
district Bandar Meratoor, orl,*^lnatLi:' an a consaq^uence of the ej’o- 
Glon of T^arculallng water , Ir; a few 'ioura time I T.io entire ravine is 
about 200 m. averajveG 20 m. wide, ana In some places la 2 m. 

dee:). Typical gull/ erosion in loose llpru'itlc tuff. 



Fig. l4. Erodabillty of t'no uppermost layer (arable gi^oiuid) Is 
greater than that of tlio lower layers which so::ietLmea remain exposed. 
Consequently , a bare, imdulatlng surface exists. S;irfaGe erosion 
(washing off) Is mucli more serious than gully erosion (washing out). 


(See Fig. 10.) 

you lies on a solid, sllglitly orodablo 
subsoil, the conditions are exactly re- 
versed. Here sheet erosion is the most 
Severe, for the surface soil washes off 
dud leaves the stiff subsoil in a rela- 
tively untouched condition. 

In the field, one can readily 
evaluate the land as to erodabillty. On 
looking along the gullies, the little and 
I'avlnes, and noting the profiles ex- 
posed In them one can observe all kinds of 
Conditions: hard layers (ore, tuff, padas) 


pToject out; loose sandy layers recede. 
Also illuvlo.1 clay layers are prominent 
and In this way show their resistance 
ays Inst erosion. In subsequent portions 
of tills work reference will be made to a 
number of concrete examples which clearly 
demonstrate the above features (see Figs, 
U -l8) . 

Under the first type of gully 
profile there has just been mentioned the 
idienomenon of bulging out which sometimes 
occurs Instead of breaking" off. This 
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Photo by Mo^ir 

Fig. 1‘). Soerakarta. Near the TJemoro river, to the north of 
KalloDo. Sugar cane on black earth. Where the people are standing 
1b a horizon of brownish red Iron hardpan. Lover: again black earth 
on acid tuff. 'Ilie slope toward the river, cut away by surface 
erosion. 



Fig. l6. Uppermost layer, (arable ground) resists erosion better 
than the lover ones which are very easily washed away. Consequently 
ainn.il deep ravines with caving occur. Gully erosion Is more vigorous 
than sheet erosion. (See Figs. 12, 13, 17-19*) 


bulging out or convexity occura with loams 
and clay of marine origin, but not with 
loam and clay deposited from fresh water. 
There has previously been stated (p. 129 ff*) 
the difference in stability between these 
two kinds of clays and loams. The two 


differences must be related to each other, 
and with the difference that fresh water 
deposits, as here meant, are deposited In 
single grain structure and unsaturated 
with bases, while the marine deposits are 
precipitated as floccules with a certain 



SLI DING AND E ROSION OF MARINE CLAYS l^Y 


crumb structure and to a largo degree are 
naturated with bases. If now those former 
marine sediments, elevated to Land, come 
In contact with much fresh water (rain), 
then they tend to bulge out and slide. 

Wliat actually happens here has not yet 
been investigated nor explained 1. hough It 
has been abundantly demonstrated by ex nor i- 
once. And this ex[)erience has f\]rthor 
shown that the bulging out of gully I'anks 


and slopes toward the rivers is the occa- 
sion for considerable erosion phenomena , ^ 
which in a short time can widen out even 
relatively shallow gullies and ravines to 
broad valleys with slight slopes. The 
part of the slopes which slides off into 
the river or into the temporary water stream 
does not fill the valley up, but is disin- 
tegrated astonishingly rapidly so that the 
slit content of rivers which flow through 



Photo by Mohr 

Fig. 17. South Ball. Ravine between Glaiplai' and Kloenkoeng. 
Thick layers (tO-Yb m.) of asli tuff. V. b. I, but only loosely 
cemented. In tho center: a largo piece caved off falling Into 
the bottom, in now being dlslntegi'atod by the water ; great 
boulders renviin behind, while the fine material la washed away. 


iCy. Cf. L. Rutten, Over denudatlesnelheld op Java, Versl. Kon. Akad. Wet. Amst. Wls-en Natuurk. afd., 

mi, (1Q17), p. 920-Q50. 



THE SOILS OF EQUATORIAL REGIONS 



Photo by S. J. Wijmeiv/a 

Fiy,. IH. Sumatra's Wsst Coast. Korbouwon^^at at Fort do Kook. 

The vertical wall, from which enormous rnansoQ of tuff break off 
and dash downwai’dG. The. height visible hero Is more than 100 m. 
The soil at the top is but 2 feet deep. 
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Photo by J. M. Baron van Tuyl 
van Serooskerkcn 

Fl;^. Ih. West Java. Cheribon. The TJl Mania river cutting into 
horizontal inarlB with interbodded la:yorG of lime. The black eaj-'tii 
lying on thic has strori^y:!.)' bulged out and eroded. 


■Rich a terrain can rise to more than 4o 
g/i or kg/n''*. Wt' will have more to say 
al.iout this when speaking of transported 
material and the allochthonous soil types 
formed from It. 


* * 


Erosion by the wind 

These words involuntarily bring to 
hind deserts and sand storms or sand dunes 
along the sea coast,, but always sand. Yet 
'‘VTe are to be observed many plionomena of 
vlnd erosion on soils which do not fall 
under the class of sands. Also It Is not 
necessary for definite storms to arise to 
cause sucli fyroslon, as even a moderate 
vlnd can transport much soil material to 
nther, sometimes far distant, places. 

Drying out Is the first condition 
^or this erosion. Wlienevor the adhering 
and slightly binding water evaporates, 
sand grains at once become separate from 
‘"ach other. Then the wind can blow the 
fbalns, first by rolling them, then with a 


stronger wind the grains hop and jump, and 
are finally taken up into the air. Of 
course In this movement the most Important 
point Is the size of the grains. With a 
moderate wind, all the finer material Is 
sorted out from a coarse sand, and de- 
josit.ed somewhat farther on. Wind deposits 
such as loss for example are as a rule 
found upon sampling to be of very uniform 
grain size, since such deposits have for 
f,he most part been developed by a selection 
process, which takes [)lece over an area of 
as many square kilometers as selection by 
water over square meters. 

Fresh volcanic ash, once It has 
fallen after an eruption, does not become 
such an easy prey to the winds as does 
sand, for even after a single shower the 
ash very easily becomes packed and hardened 
Into tuff. Ash-falls, occurring in a com- 
plet(?ly rainless period, however, are, to a 
great extent, picked up by strong dry winds 
and, after sorting, are deposited elsewhere. 

But there are other kinds of soils 
which demand particular attention; sorts of 
soils whlcii consist for the greater part of 
colloids which, upon drying out, shrink and 
then crack. Now there are those which crack 



THE SOILS OF EQUATORIAL REGIONS 


140 



Photo by H. With amp 

Fi..y hh. Soor-.b''!, View from Pnlakahoki, on the oaatorii edye oi‘ 
t';r; KHiiatanr vallo.y, lo(.)kiny t.oward the weet south wosl^ over foe 
bare- limestone and m/arl plateau of central Soei.'iba. In the forc- 
PToimd all the soil has been remevod fromi the mrirl l u’ouyli vlrui 
erosion in the (Upy season and skioot orosion in the raln^ season. 
Only in ( he valleys does the soil remain and the voce cation ^p’ov 
tliroup;h more t'can one yoaim 


Into yreat blocks^ like tilos, lylnr side 
b ;; s ! d e v 1 1 i i v I d e . j o hits b e t w e e n . Bat 
'.noro ar^': others which crack and break 
down farther^ Into sr-aall ; Tains wdiich are 
fall of minute cracks. In this way a kind 
of shar' -edfced crumbly "p.'seudo-sand" forms 
viiich, as hie wind rolls 1t about, ap[-earn 
to possess little internal cohesion, and 
is thus rapidly broken into a [;owder. 

There are two constituents whi cii 
yive to stronyly colloidal soil tisese char- 
acteris t I's ; (ij Iron oxy hydrate, and (?) 
oryanlc ■ matter in the form ordinarily 
called numus. The soils subje-st to wind 
erosion are thus especially the brown hjh 
red soils, and of them r ar ticu bar ly trio 
: i u; ■; c ; u s d a r 1: h r o 'WTi 1 s >1 b 1 a. c k s ' 1 r \ ' a c e : r o 1 i s . 
But also thrr stronph.;/ humous forest, soils 
which throLi.yh deforoslat ion are subject to 
strong drylnr, out and blowing away (black 
dust soils). 

For completeness it may be stated 
that also a hibh lime content, absori.tt ivoly 
combined, imparts to a soil similar charac- 
toristics. Especially in the southeastern 


p^art of the East Indian Arcivh. eiap’ 0 , where 
in tbie lonr dry monsoon the fierce southeast 
wind b 1 o w s c o n s (,. a n 1 1 y . E a c ii y ear ail (.1 1 
fre silly formed soil Is blown away from tics 
bare limestone mountains and dep'ositod in 
the low valleys. Thus on the rldpes and 
ill 11s no "soil p'roflle" can develop, slncr 
before theTO can be a soil which can carry, 
vepetatlon ajrd which in its turn can hold 
the sold fast, ail the soil material forrneu 
has been blown away (see Fib. 20 above). 

This Is i’erhaps the best place t,o 
call attention to st.lll another erosion 
piienomenon which, aithoup.h the wind plays 
no [.art in it, Is yet a result of similar 
causes . 

If In any sort of p.ully, or cut-- 
a reusult of fpilly erosion such as above 
described or a steej' river bank, or a road 
cut, or an excavated ditch- -such a colloldc] 
soil, ricli in humus or in iron oxide (hy- 
drate), Is 3tronf':ly dried out by direct 
rays of the sun, we can see even on a calm 
day a continuous stream of soil particles 
''ralnlnb" off from the steep banks. This 
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Photo ty Moiir 

Fi^■^ FI. WotJl ColoboG; Doii,.>7ila. — Had llxlvliuri 

fro:n old baclo eruptl’/oa'; V.b. — He.Nr.ae. 3> Under the root 
cover follow OE, about 1 /U rn., ver/ ojb.iect to "dr;/ wafih." Toen 
F :ri, oi’ E, r.omewhet tiore rerlstruit but wneuec' hy guLl.y eroe.lon, 
which in the i,alor layer !■ullowi:l^;^ ,.'uet below Ir. at firet 
/dj’eater, duo to Itc /-Toator content of eand and :norc granulation. 


] what the Brit, is hors rail "dr.v vasii"; a 
rhonomonon tha,t can widen a soito- 

times remarkably quickly. (Cf. F!r. fl.' 
If, for exaiTi[le, after a aliow(?r, water la 
flowing through the gully, then all the 
material whicii has "rained" dowaiward he- 
'■•omes easily and quickly mixed with the? 
water, and Is Irretrievably lost to tlr./ 
terrain from which it came. Now it is 
remarkable that in tills way soil can be 
eroded which in a continuously wet, condi- 
tion gresents great reslstanco to erosion. 
But it should also be remarked, that the 
"dry wash" can only occur In tliose giaces 
where a steady drought alternates with 
strong rains, and for that reason tills 
Phenomenon Is excluded during ['Orlods of 
continuous rains and nn overcast sky. 


M -K -M « « 


Finally there still remains to be 
f^'entloned the relation between erosion and 
ground water . By surface erosion (sheet 


erosio]! as well as wind erosion) the dis- 
tance cotween the ugper surface of the soil 
and r.c.e gi'ound water continually diminishes. 
But, as a result cf gully erosion, es eci- 
ally if I gullies deepen Into ravines 
and deep valleys, the r.round water level 
f a 1 1 s m ore and m o r e a n d t h e row! t h 1 1, s d i s - 
tancf.-' from ilie general land surface is Iri- 
/• r* e a s e d . VT :ie n , b ;/ s i . e e t:, e r o s 1 o n , more raa - 
terlal is de cosited In the valleys than is 
carried away by the water flowing out, the 
ground water Itvce.l may even be raised. 

What Influence do suc'n ground water 
changes have upon tne soil ? --Generally 
s leaking It may be said that tiic soil pro- 
file becomes modified. Layers, wliich or- 
iginaliy were above the ground water, now, 
I'ecause of t.he rising ol' the ground water, 
llo under wafer. Thus, wiilie forc.erly the 
material could weather in the I'resence of 
air. It is now do, .rived of air. Also the 
reverse may occur. I.ayers wliich used to 
weather under water arc:; , wlt’u tiie hail of 
t.lio ground water level, let*, dry. Thus 
the alT has access to tliem, vltli all the 
consec]ucnce s that such access implies. 
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So, through gully erosion, llluvl'il hori- 
zons of the soil profile, at some distance 
from the gully, can he changed Into eluvial 
horizons. This may occur at the beginning, 
somewhere near the middle, or at the end of 
the weathering process. 

Thus not only externally, through 
"decapitation" or truncation, may a weath- 
ering profile become altered by erosion, 
but that can also occur Internally through 
alteration oV I layers Into E layers, ae 
horizons becoming aq horizons, etc. The 
reverse may also happen. Under no consid- 
eration can we overlook these possibili- 
ties . 


* * * * 


4 th . The stage In the weathering 

process . 

For the' troclcs, on the "frame" of 
the three above-mentioned main features: 

1. the elevation zones, thus the tem- 
inorature zones, or belts,* 

2. the water movement In the soil, 
p. the rresence or absence of air, 

and therewith taking Into consideration 
the modifying Influence of erosion, W(‘ 
must now consider one more factor, namely 
the time . 

Wliat we observe , however, Is never 
a process of change, but only a condition 
at a certain Instant; that Is to say, a 
cross section through time. We Imagine 
the process by placing together a number 
of such Instantaneous photograpiis . One of 
the factors by which the picture la deter- 
mined Is th(3 place which it occupies in 
the film: whether It belongs at the be- 
ginning, In the middle, or at the end. So 
with respect to the development of a cer- 
tain weathering form, a manner of soil 
formation, It is necessary to state where 
a certain soil stands In time, that Is In 
what stage It is In the weathering proc- 
ess. This leads to the differentiation of 
various stages of weathering, hy which the 
different members of a series are distin- 
guished by their external, their observ- 
able characterlst lcf3 . Yet, on the other 
hand, these types are related since they 


are acted upon by one manner or typ;e of 
weathering. 

By analogy with the life of man, 
soli weathering can be differentiated 
into the following stages; 

1. The beginning stage , the point of 
departure, the unweathered parent 
material. 

2 . The j uvenile stage; the weathering 
has begun, but there Is still much 
material unweathered. 

3 . The virile stage; the weathering Is 
quite a bit farther along, but ther*^ 
is still yet present quite a good 
deal of unwoathered material. 

4. The senile stage; the weathering Is 
for the greater part finished; while 
unweathered material occurs only 
sporadically. 

b- The end stage; the development Is 
completed; the soil is weathered out 


■M 


There are, of course, still many 
things to say about, this, for example, wit 
reference to the vegetation. I lasts but 
a very short time; very quickly a soli 
goes over Into 2 and then the vegetation 
comes In. It Is astonishing, how early n 
scarcely wedthered soli can begin to carry 
oven forest. In addlt. Ion 2 Is the time of 
great fruitfulness for natural vegetation, 
as well as for cultivation of crops. Thlj 
also carries over into 3. In H, howevoT, 
the };lants must get along on what the soli 
has been able to hold back through absolu - 
tion; on what It has saved, one could sa,, • 
In b, there Is nothing left to wash out,, 
thus also nothing more to be taken u]' by 
plant roots. The vegetation becomes 
poorer and p'oorer, practically fading awa;: 

Later on further points will be 
mentioned. 


§ b • A FEW MAIN KINDS OP SOILS 

On the basis of the preceding sec- 
tions It is conceivable, or theoretically 


♦See p. Ill, footnote 73a* 
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possible, but not therefore neoessarl.ly 
desirable, to work out the relationships 
and to speak of all possible combinations 
of soil-forming factors. 

We will now limit ourselves to a 
few main cases --cases which occur fre- 
quently and characteristically in the 
Netherlands Indies. I am confident lhat 
the reader himself, on the basis of the 
general statements made In the (.'receding/ 
sections can, according to t,he need, fill 
In the Intermediary links. 


As for the parent material, we 
will begin by considering the basic vol- 
canic rocks which so frecpjent/ly occur. 

Also, we will consider the basic volcanic 
ash and sand, which recently have l^een 
spread out during an ash rain and now form 
a thick homogeneous layer. 

If we Include all volcanic rocks 
together under the symbol V, and designate 
the basic ones by b, in contrast wiln acid 
by a and If we then differentiate still 
further, and indicate those finely ground 
up, with a large weather int’ surface, by I, 
in contrast to coarse and comj'act (rocks, 
massive lava streams, great boulders), 
which we will designate form 2, then the j 
parent material which we are here taklnr | 
lor our example Is fullv cliaracterlzed bv I 

V.b.l.'°® ’ ' I 

If we assume that, the basic vol- | 
canlc ash referred to has come down Int.o 
the Hot low land (O-fOO m. elevation.' ( He.h 
and that the climate is continuously "wei," 
so that in the very porous material a con- 
tinuously downward water movement. (hH) 
lakes place, and tlirough which at tiie same 
time a continuous renewal of t.tie air, 
aeration, Indicated by the symbol ae, 
occurs in the soli, then the weathering 
conditions can be definitely specified Igy 
Ihe formula He.NN.ee, and the question Is 
now: to what does V.b.l. — He.NN.ae lead? 
hnd what are the stages I to 5’? 

With the first shower tnat falls, 
Coaching commences. The water at a tem- 
perature of about 2h^C or iilgher, alv.ays 

lOb. The first use of these sycnbols no nppilol to trx 
Proefst, Java Gulker -Industrie, No. le (lo^l). 


falls without any solid material In .solu- 
tion and then dissolves and take.s certain 
constituents downward. From the preceding 
discussion we know that first the bases 
calcium, sodium, potassium, and magnesium 
are removed, followed by silicic acid. 

PeO oxidizes to Fe20M, MnO to MnOp, these 
oxides remaining beiilnd as the mo.st dif- 
ficultly soluble ones. FeoO:.'!, as well as 
Al^Os remain as hydroxide gels, along with 
kaolin gel. Now those gels again absorb 
a p.'art. of the constituents dissolved In 
the water. The kaolin takes up the bases 
Mg, K, Na, and Ca, while P 2 O 5 combines with 
Al, Fe or TI. 

Meanwhllr; vegetation begins to g;row 
on th(j surface and a mieroflora very soon 
comes Int,o exlst.ence In the surface soli. 

Be s 1 de s [.■ 1 e nt y 0 f Wcarr;: t h , mol s t lire and 
light, originally a ['ood supply of mineral 
plant nutrients Is present so that the 
al)ove-ground flora /'rows luxuriantly. The 
3 o i J. I ’ 1 o r • a. d t; 'c e 1 u i s e specially a s a. b a c - 
torial flora, since; t.ne pH is not far from 
1 and the N cycle Is at a minimum. Only 
the N fixing bacteria (whei.her in symbiosis 
with legumes or not) h.ave the key to the 
sltu.ction. By this predominatingly bac- 
teri.al flora the organic matter (the plant 
residue whlcii falls from the above-ground 
flora) is to a great extent oxidized to car- 
bonic acid, except for rfne small part 
vp.lcli th.e microflora holds fast In tholr 
own organisms, and the small p-art that 
the-y scorn. 

The water as it sinks downward and 
asses through t'ne layers with tlie active 
microflora, takes Into solution from 
those la 7 e r’ s 1. 1 1 - 1 1 e e 1 s e t, 1 ; a n ; u c: b. car- 
bonic acid, w'ulch. in i*,s lurn hydrollzes 
and leac’ues tiio glass and the minerals of 
the deeper- lyinr asii. 

In t.hls stage the condition has 
now become suiui tliat. under the more and 
o p o d e e 1 0 1 e d f c r e s t , a !. h I n 1 .a c; r of ; ' lent 
re s '.due s ( 0 ) 1 1 e s 0 n t lie s ur fa c e s 0 1 1 , 
which is the organ! c-material-holdl ng soil 
horlcon ( 0 ). Just, below is t'ne le.ached-out 
horlron vE' as above desi'rlbed. Together 
these layers ( cE) can deveioi to ^>0 to ;,U 
cm. tliick, but frequently t.hey are not more 
th.an 10 cm. tliick. Beneath this is a layer 
( E ^ w hi c !i d 00 s no t 1 la. v e ; i s. u f f i c 1 o n t. 

Net'scrliinJs Indies, inny bo foiuid in: Model. 

See .also I’ootnote i'O, page Ilf. 
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quantity of organic matter (in this case 
active bacteria, etc.), for It to be men- 
tioned as such; this layer oan be many 
meters thick. In the beginning this Is 
obviously not the case, but the (E) hori- 
zon quite rapidly grades Into the scarcely 
perceptibly attacked, fresh ash (P ) . 
Gradually, however, E gains over P and be- 
comes more distinct and thicker. 

If the weathering of the surface 
layer Is already quite advanced, the pro- 
file Itself has been developing a greater 
complexity. The silicic acid which at a 
pH of 7 to 6 Is quite soluble (whether as 
the Ion, or In the sol form) , Is the least 
soluble In a weakly alkaline medium p^ro- 
duced particularly by solutions of Ca and 
Mg, thus with a pH of 7 to 7«7* As the 
water sinking Into the soil (ash) goes 
down deeper. It continually takes up more 
bases as a result of which the reaction 
becomes gradually inore alkaline, and at the 
same time the water becomes richer In 
salts. In this way somewhere In a deej or 
horizon a point. Is reached where 310;;> must 
again precipitate. The result Is a forma - 
tion of tuff at that place. This develops 
Into a layer , cutting off the percolating 
water, and thus making a water table above* 
It. (See Frontispiece A.) 

Just above the slllclflod tuf‘f (an 
I -layer, although the German soil scien- 
tists would probably call It a "dep)osIt" 
and Indicate It by C ) a portion of the 
profile becomes submerged and here the 
weathering Is shifted from the ae to the 
a q form. 

Meanwhile, with the further con- 
tinued leaching of the oE and E horizons, 
the concentration of bases In the soil 
water gradually falls. The carbonic acid 
In the dissolved state which Is carried 
downward with the water becomes more than 
sufficient to saturate these bases and 
convert them to the carbonate form. There 
Is thus an excess of CO'^, and the ]-)H sinks 
from above 7 down to 6 and perhaps yet 
still lower. However this does not dimin- 
ish the leaching out of the 310?. On the 
contrary the reduction of the salt content 
facilitates SIO? washing out. But In ad- 
dition something else also comes in: the 
kaolin commences to move as a sol and from 
this time on continues to move out. 


Free Al^Oa, however, Is left behind 
as hydrarglllite . Quartz also remains be- 
hind. And Fe203 too; but the hydrates of 
Fe^Os begin to "age" and give up water. 

The color of the whole, first yellowish 
brown to brown, becomes brownish red and 
then red. The brown to brownish yellow 
soil ( E) , called " brown lixivium , " ^ be- 
comes gradually " red lixivium ." Upon the 
slllclflod tuff (l), over which the water 
flows away, In the- aq-weatherlng (under 
water, without air) there occurs now a 
separation. The Iron commences to move 
while the kaolin remains behind, and the 
Iron deposits Itself higher u]j, at the 
limit of tlie ground water. In this way 
there originate two layers, onti above the 
other. The first is designated as I? of 
which by far the greatest part consists of 
kaolin. Upon tills Is Is consisting of irui. 
oxide as a layer of ore. It, Is 3har])ly 
layered, and In the dry state It may easll;, 
be rubbed fine. In the wed. state IL is no^ 
at all plastic, which Is in marked contre.g 
with the greenlsii or dirty wiilte or ligih 
violet layer I?. 

Because I? is as good as impervlo^i.. 
to water, and E Is very p^ervious, as Is h-, 
the water level, due to the frecipltat ion 
process, becomes gradually raised. Im Is 
moved upwards and I? he comes trilcker and 
thicker. Deeper d o wn i ii e 1 r o n o x 1 d e ne v ( ' c 
exists as a solid; but above, wiiere then 
Is contact wltii t.ho soil air It. does, and 
I? originates through the* active removal 
In the soil in the Lowermost icurt, of E 
where there is more air. This process cas 
continue in this way until E is consumed 
and broken down 1 n t . o vl 1 1 1 e c 1 a y I ? w 1 1. 1 1 
iron ore as Is upon It. 

This layer 1^, however, always 
possesses a litt. lo kaolin, namely that 
which the iron oxide found in the place 
where it precip)ltated. If now, the kaollo 
from E is, to a great extent, washed out, 
the farther la rises the smaller the ad- 
mixture of kaolin will become. In other 
words, E It.self does not always remain th- 
same, but Is gradually wasiiod out and Im- 
poverished, first of bases, then of 310;. » 
and after that, 1m{)Over ished of kaolin. 

And now what has happened to the 
Al?03?--At the outset it Is found uniform!, 
distributed throughout the layer E, just 


lOo. Lixivium— a term referring to draGtloally weathered and leached Inorganic roeldues. 
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vas the PegOs. And juat like the Fe203 It 
remained behind In E when all the other 
constituents gradually disappeared through 
leaching. But there beneath In I 2 the 
aluminum oxyhydrate also began to move, 
just as did the iron oxyhydrate, only some- 
what more slowly. The result Is the re- 
moval upwards, but later than the Iron. 

The deposit I3 must thus ultimately divide 
Itself Into a lower layer of Al20a In the 
form of hydrargllllte, and on this lies 
the Fe 203 layer In the form of different 
iron hydroxides. 

Meanwhile a difference has also 
begun to develop In 0 and oE. oE is the 
horizon In which the organic life is, In 
which the roots of the plants seek their 
moisture and food materials, and In which 
the microflora lives and In a certain sense 
prepares those food materials. But thanks 
to the Intensive leaching of oE and E there 
arrives a stage when the weatherable min- 
erals, themselves, are finished and the ab- 
sorbed bases plus P 2 O 5 , 304, etc., are also 
practically leached out. Then the vegeta- 
tion moves In the cycle: 0 ^ oE >lnto 

the roots ►Into the olant above ground 

►plant residues ►O, etc. But with 

each circuit losses occur, and the end must 
be that the vegetation becomes less and 
less and finally goes to rack and ruin. 

The microflora too, must continue In this 
way to autoconsumption and finally die. 

Then the p.H of the water penetrating" into 
the soil chanf^es again from leas than 6 
back again to finally about ?• (in the 
colloid suspension, which has only a few 
H Ions, the pH Is of course considerably 
lower.) The layer 0 has meanwhile been 
consumed, and the layer o£ changed back 
into E. 

If there were no erosion , iresum- 
fihly the weathering would proceed in this 
. But erosion does take place, and it 
a lters the picture considerably . Already 
in the very beginning, the loose fresh ash 
washes off notably. However, as the vege- 
tation develops more intensively u’pon the 
sell, the erosion becomes continually less 
ard less. Under forest there Is little 
erosion. But It Is not entirely absent, 

^‘or the water that runs along over the 
surface always takes something with It, 
and In the course of centuries the amount 
'■an be quite considerable. Moreover this 
cashing off is of considerable Influence, 


since it takes so much with It, especially 
from 0 , and In the material carried away 
Is much plant food In more concentrated 
form than Is found In oE. As the "senile” 
stage of the soil is reached and passed 
and the vegetation declines, erosion In- 
creases. As the pelting rains reach the 
bare ground, the erosion proceeds at an 
again Increased speed to remove what there 
Is still left of E ( 0 and oE, have already 
practically all gone.’). 

In this way finally the layer I3 
becomes exposed: and the Iron ore layer 
meanwhile hardened by loss of water and 
aging, becomes a " surface crust ." Under 
this crust Is found the accumulation of 
AI2O3 In the form of bauxite, earthy, but 
chiefly In nodules, and thereunder the more 
or less spotted white clay layer 1 2 , lying 
upon the slllctfled tuff, and this above 
the only slightly attacked ash. 

In the Frontispiece (a) may be 
found the above-described profile develop- 
ment presented schematically, with time as 
the abscissa. All the stages which one 
runs across In nature should correspond 
with some vertical line In this scheme. 

Whether this scheme as is given in 
the figure is entirely accurate, or whether 
all possible stages of it have been found, 
is, stated most mildly, yet uncertain. In 
a certain sense this Is perhaps not so im- 
mediately important as the following: 

# * * # # 


There was once a time, when It was 
thought sufficient to characterize the 
"soli" of a place by taking some surface 
material from the uppermost layer, thus of 
the "ground, " and on this sample to carry 
out an analysis in the laboratory. But 
since then further progress has been made 
in two directions. 

In the first place, such analyses 
have been repeated for the same "soli" 
at different times, for example, before 
and after one or more harvests, and In 
this manner changes In the soli have been 
established and studied in relation to the 
time . 

Secondly, freedom has been achieved 
from tiie idea that one single sample of the 
surface soil was sufficient to characterize 
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the soli as a whole. There Is now a reali- 
zation that the different horizons or 
layers which are found above and below 
each other bolonf^ together and that only 
the entire "soil profile" satisfactorily 
characterizes the soil. So It Is that in 
all modern soil descriptions we always 
find sketches and statements describing the 
soli profile. 

And now It Is necessary to take i 
the third step, which Is already Included 
In some soil descriptions, though It has 
not generally been recognized as an essen- 
tial requirement of modern soil science. 

This requirement Is: besides the descrip - 
tion, to rer.resent the continuous changes 
of the soil profile with time, from the 
beginning to the end . An example of this 
Is the diagrammatic figure of the laterltc 
soil (Frontispiece A). 

This manner of representation 
offers all sorts of advantages. It permits 
making graphical the development of a pro- 
file, as well as its decay, and degrada- 
tion. With one such figure, for example, 
"chernozem," and "degraded chernozem" can 
be presented together. If this doesn't 
succeed, then the latter Is not to be con- 
ceived of as degraded chernozem, but must 
be regarded as a separate soil group. 

Thus In the laterltc profile draw- 
ing (Frontispiece a) we find several differ* 
ent ty;»e3 of Netriorlands Indies Soils, l.e. 

In stage I --fresh ash soils 

" " 2 - -so-called "tarapan" 

" " 3--brownlsh yellow lixivium, 

brown earth 

" " H--red lixivium, red earth 

" " 5--"laterlte" 

and yet they really form one single whole. 

If during the formation j-rocess 
there Is added to the profile a new layer 
of ash from a volcano located nearby then, 
without difficulty this can be brought 
Into the figure as a sudden surface addi- 
tion. In the same way we can handle a 
covering over by a "lahar." If consequent- 
ly there appear new phenomena In the older 
layers of the profile, then these can also 
be shown, for example, changes which the 
profile must undergo when, at some time, 
through geological or geomorp)hologlcal 
causes, the terrain either sinks more and 
more under water, or through Increased 


elevation becomes more and more dewatered. 

Coming back to the formula from 
which we had started out in the above ex- 
ample, l.e. V . b . I . --Ha . HH . ®e, It must also 
be stated that this formula Is not equally 
applicable to all layers of the profile, 
but only for the uppermost ones: 0, oE, and 
£. For practical purposes these are the 
principal and most Important layers, at 
least In the first four weathering stages, 
as long as they still exist and are not 
eroded away. For as a matter of fact they 
carry the vegetation, which for mankind la 
always the most Important question. But 
then It Is also necessary to mention In 
the formula, the weathering stage , for ex- 
ample V . b . I . --He . HH . te . 3. This Indicates 
that the third stage has been reached, and 
thus that we are referring to brown 
lixivium. 


X « X X # 


If we now leave the hot lowland 
and go toward the mountainous land of 
2,000 m. elevation and more, then the tem- 
perature Is moderate or temperate ( "mat Ig" ) 
and In the formula Ho Is replaced by Ms- 
We still have the same ^-arent material 
V.b.l. The rainfall Is such that the soil 
Is "cont Inuobsly wet" (hh) and we select 
a place where the soil surface Is convex, 
so that the water can both run off the 
soli and also penetrate through It, and 
the air always has access (te). The formu- 
la of the soli formation then becomes: 

V , b . 1 . --Ml . HH . ( I - 5 ) . And what Is the 
result? 

In the beginning of stage I the 
result very much resembles that of the 
preceding case; but If the vegetation de- 
velops Into forest then something else 
happens. The temperature Is no longer ft 
to 30°c. but 13° to l8°C. In place of fnc 
bacteria, which at these lower temperatures 
are not nearly so active In the destruc- 
tion of plant remains, molds come more 
Into the foreground. These, as already 
stated on page lOY, mineralize to a much 
less extent the organic matter. The con- 
sequence Is that organic matter (O) ac- 
cumulates to a certain depth and In spl^*^' 
of the leaching process, which occurs con- 
tinuously, the soil layer oE Is thicker 
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and richer In humua. However, because of 
the lower temperature, this last progresses 
differently and more slowly. 

When the weathering process shifts 
over from the Ist to the 2nd stage, that 
13 , when 0 and oE are quite clearly devel- 
oped, then the soil water becomes altered, 
jt Is cooler than In the lowlands, and 
the water can hold more CO 2 In solution, 
and this lowers the pH still more. More- 
over on the cool forest soil more moss be- 
gins to develop. This yields humus materi- 
als to the soil liquid, which also lowers 
the pH. Thus In 0 and oE the pH gradually 
falls below the values of 7 to 6 or 
which are found In the low lands, and we 
find 5 or 4 and sometimes still lower 
values. Then, however, the hydrates of 
Iron and aluminum oxides, originally ].re- 
clpltated In an Insoluble state become mov- 
able, and, thanks to the protecting humus 
colloids originating from the surface soil 
oE, they move away together. Thus oE be- 
comes bleached. In the beginning this Is 
scarcely detected, but In lower horizons 
the deposited brown flecks and threads are 
easily seen, originating along wider pas- 
sages where tree roots have died and dis- 
appeared, and also where considerable air 
can penetrate. And then, If horizons are 
reached which are not yet so extensively 
robbed of bases that the pH Is still above 
1 or even higher, the Iron again precipi- 
tates as "ore" ( I ) . 

The chance that this movablllty of 
the Iron may occur Increases with the low- 
ering of the temperature, and hence In- 
creases with the elevation. Below 2,000 
inet.ers, the phenomenon can bo observed 
only sporadically, but more and more above 
0,000 m. It occurs more frequently althougli 
tar from everywhere. It Is true that the 
pH must fall definitely below and 

that Is only the case 1^ upon a parent 
material which Inclines more from V.b. 
toward V.i,, and 2nd, under a vegetation 
-nich as produced by mosses and Vacclnuins , 
vhlc'h produce a strongly ac I d-reactlng 
humus. In Central Europe Is found an 
analogous condition. On the Veluwe, under 


oak and beech forest there Is little or no 
shifting of the Iron, while under Calluna 
and Erica , there is considerable. Thus 
under 0 there develops a grayish white 
layer oE to E, which Is underlain by a 
brownish black layer I (ore). This Is 
the true heath profile. 

Repeatedly the question is raised 
whether or not "podzol" soils occur in the 
tropics. According to his description of 
the distribution of these soils over the 
earth, we come to the conclusion that 
Stremme^^” believes podzols are excluded 
from the tropics. Harrassowltz/ ^ ^ however, 
on the basis of the communications from 
P. W. E. Vageler records very positive pod- 
zol profiles from Palembang as well as 
other locations. It Is however a question, 
whether In Palembang one Is not dealing 
with more or less "drowned land" In connec- 
tion with the great Post -Pliocene trans- 
gression of the sea. At that time much 
red earth was lowered Into subaquatlc or 
at least amphibian conditions, and it is 
obvious that, then occurred a bleaching by 
humous wat.er, with an extensive formation 
of Iron concretions under It. Humus -rich 
ore Is of course not recorded, since with 
the high temperature of Lower Palembang the 
deposit of this ore must a p»rlorl be ex- 
cluded. 

If one would find true p^odzol in 

the t.roplcs, he must go Into the cold 

1 1 2 

regions, tlius up Into the mountains. 

Also, the soil material must be suitable 
for It. On Java, for example, the parent 
material Is very different from that of 
Central Euroie with Its extensive plains 
or undulating land of allochthonous materi- 
al, rich In quartz sand. Strerame records 
a series of i.odzol profiles, but only upon 
sand, sandstone, granite sand, loam, or 
schists; not: a single podzol upon basic, 
volcanic material. Judging according to 
these examples, in the Netherlands Indies 
one should thus search e spec tally on the 
high lying quartz schists, old slates, and 
sandstone, thus In tiic lilgh lands of Atjeh, 
Central Borneo, and New Guinea. And In 
the ;^rd place the vcgotatlon must be 


Holdoboden. , Handbuch dor Bodcnlehi’e III, 


*bh H. Strommo, Die Verbreltiuig der Blelcherde, Wnxd-u. 

( 1930 ), p. Ih8-l60. 

H. Harraeeowitz, Boden der troplschon Ht3glonen, Hniid.buch dor Bodenlo;iro III (lOlO), p. 3|1. 

Cf. E. C. Mohr, Jul. Tropical soil forming procoeees with particular rofereiico to Java and Siunatra 
(translated by Robert L. Pendleton), (Peiping, China, bjl?), pp. 2I-C2, tmd jB. 
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exactly suited to It. Upon Nev Guinea 
above 3^000 m. presumably there exists the 
best chance. But thus far no podzols have 
been found there. 

However, It will be some little 
time before any one will study In the high 
altitudes of New Guinea the flora In Its 
relation to the pH of the soil. Vageler^^^ 
thought that under definite plants he was 
able to establish the existence of minia- 
ture podzol profiles. Apparently notably 
different pH conditions can prevail In a 
definite soil type within short dls- 
tances. 

Through this the attention Is once 
again fixed upon the fact that the soil In 
nature Is something different from earth 
In a bottle, which Is studied In the labo- 
ratory. If, In spite of that, the pH for 
example. Is determined on the soil In the 
laboratory, one takes an average sample 
and so determines an average pH In, say, 

200 grams of soil. If one then finds a 
value of 5, then In the original soil from 
which the sample was taken at a certain 
point, even In 1 cm.^, a pH of 5 can occur, 
but at another point the pH Is perhaps 
above 6, and at still another point 4 or 
even lower. Thus It is conceivable, and 
even likely, that In a soil, even In a 
definite layer or horizon with an analyti- 
cally determined pH of no Iron hydroxide 
comes Into movement, but It may occur 
within some definite cubic centimeter or 
even cubic millimeter. If the acid soil 
liquid with Iron In solution or In the sol 
form, goes Into such an environment that 
the pH again must fall, then the Iron 
again precipitates. This Is what causes 
the " spottedness '* In such layers which 
form the transition between areas where 
nothing happens to the Iron, and layers 
where all the Iron Is subjected to solu- 
tion and transportation. 

This may explain why when there 
are thick E layers with much Iron deeper 
down, they almost always are spotted . The 


British call these layers " mottled clay . " 

As long as an E layer possesses 
much colloidal iron oxyhydrate In an un- 
dlspersed state It Is of a loose consist- 
ency (structure). It does not stick. It 
Is not plastic, and It Is pervious to 
water and light. If, however, the Iron 
oxide becomes leached out and Iron-free 
kaolin (this last word Is again used In a 
broad sense, so as to include kaollnlte 
and other similar minerals) remains, then 
the consistency becomes sticky, plastic, 
tough and Impervious. If then the Iron 
(originally perhaps 10^ or more of the dry 
soil) has entirely gone, or has collected 
together In hard concretions of brown Iron 
ore , so that per cubic meter there Is 
still approximately just as much FezOa 
present as before, yet It Is of no Impor- 
tance. The kaolln-llke mass lying In be- 
tween has, as just now pointed out, the 
characteristics of "fat clay." The -stage 
"mottled clay" = spotted clay. Is thus 
just an Intermediate stage. All the Iron 
has been removed from It. The end produet, 
of the process going on Is white clay 
possessing at most a few coarse Iron con- 
cretions which, since they are so coarse 
and smooth and sometimes crystalline that 
they resist solution the longest. In tlieao 
cases the color of such concretions varies 
from yellow to yellowish brown and also 
toward brownish black. 

Sometimes, especially In' the lover 
mountainous country, one comes upon "mot- 
tled clay" as practically the surface aoll 
layer. This is then to be considered to 
be the 1 2 horizon In the development of 
that soil, but as a result of premature 
heavy erosion, for example after deforoata' 
tlon. It was exposed at the surface before 
a distinct Iron oxide crust, which later 
would be called a "laterlte" crust, had 
formed on It. (See Fig. 22, page 149). 

On the basis of what already had 
been said on the subject of V. b. I . --Ma. HN- 
ae. the profile may now be characterized 


115 . See under HarrasBowltz, I. c ., p. 571* 

114. Harden has since reported podzols from New Guinea (H. J. Harden, Podeol profiles In the tropics, 
Natuurk. Tljdschrift. lo Afl. van Deel, XCVI). I have found ground water podzols developed In tlio 
sands of the ridges farmed as harrier hoaches along the coast near Pattanl, southern Thailand 
(Slam). —Translator. 

115 . Cf: E. C. J. Mohr, Over IJzerconcr. en laterlet In Ned. -Indie, Verb. Geol. Mljnb. Gen., Geol. Serif, 
Dl. Ill ( 1916 ), p. 133-148. 
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Photo hy Mohr 

Fig. 22. West Flores— To the north of Roeteng. Poor country due 
to the "mottled clay" and laterlte exposed by erosion. 



Photo by Mohr 


Fig. 25. Northern Sumatra. Rodolong.— Profile In a road cut on the 
southeast slope of Boer nl Geureudong. I3OO m. elevation. 0 about 
5 cm., OE about *40 cm., E undoterminod . Previously a lahar: 

V. (• + b). (I + 2)— Ma.HH.ae.3. The largo andesitic rocks can 
easily be completely determined, yet can be cut through with one 
blow of a heavy hoe. 
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as follows: 

The higher the elevation one 
reaches In the tropics, the cooler It be- 
comes, and always In the forest the more 
will the layer 0 be apparent, as also the 
humous layer oE. The latter will retain 
the brownish yellow and brown tints longer 
than the corresponding oE horizons In the 
lowland, for In the mountains drought Is 
less frequent and less severe and the tem- 
perature Is lower. Moreover In the more 
rough mountainous terrain there Is, as a 
rule, more erosion, with the consequence 
that much brown soil Is washed off before 
It has yet had time to become red as a 
result of aging. At 2,000 m. and higher 
in the Netherlands Indies I have never seen 
red earth which might be supposed to have 
developed according to the manner of weath- 
ering described here. Even If one goes 
somewhat lower, for example to about 1,500 
m., only seldom can red soil be found, and 
then It Is still doubtful whether the ori- 
gin was the same as the one which Is here 
meant , 

When In Java, for example, at this 
height we find red earth, then In many 
cases It can be shown that we are dealing 
with a terrain which has been raised up to 
this elevation through tectonic movement, 
for example a region of Tertiary age such 
as limestone or marine tuffs. These for- 
mations, then, after their elevation out 
of the sea, originally weathered at sea 
level or a little above, so that their 
brown had already changed Into red, and 
thereafter or In the meantime were farther 
raised up. In a certain sense then such 
red soils above 1,500 or 2,000 m. might be 
called "fossil redearths." 

Another possibility Is that In the 
mountains a layer of brown eluvium or 
lixivium may have become covered by a 
thick layer of fresh, hot volcanic ash. 

Then without doubt that brown layer could 
become "baked" to red earth. If later the 
new ash again erodes off, the "redearth" 

Is exposed and gives the false appearance 
of having become red by weathering In 
place. • 


Coming back to the brown earth of 
the mountainous land, the brown lixivium, 
a characteristic property of It can now be 
recorded: Above 1,500 m., or even a couple 
of hundred meters lower, It exhibits a 
peculiar structural difference, which In 
the Netherlands Indies Is called " mountain 
granulation . " In this granulation out of 
finer material there form gains 0.05 to 2 
mm. In size, and sometimes still larger. 
These "crumb structures" differ from the 
ordinary crumbs which generally occur In 
the low lands and which again easily dis- 
perse, for example simply by becoming 
beaten apart by a heavy rain. The "moun- 
tain granulation" grains remain Intact, 
on which account they have been given the 
name of "pseudo sand" or "false sand." 
Microscopically they appear to consist not 
only of fine mineral powder of original 
minerals of the parent material, but also 
of weathering minerals such as opal, chal- 
cedony, kaolln-llke minerals, and Iron oxy- 
hydrate In different forms. The binding 
material, which cements this fine powder 
into the so-called grains. Is still Inade- 
quately defined. Classifying It according 
to the color. It quite probably contains 
iron oxyhydrate. It seems plausible to 
suppose that the very local depression of 
the pH to below 4.5, as described upon 
page l48, (for example, through microbio- 
logical activities taking jilace within a 
definite cubic millimeter), so that Iron 
oxyhydrate can become movable, can cause 
the formation of the "pseudo-sand." How- 
ever there Is yet no experimental proof In 
this direction. Only that It Is estab- 
lished that the {)henomenon generally occurs 
everywhere In the mountainous regions of 
the Netherlands Indies. In Java In some 
cases It occurs at as low as 1,000 m. ele- 
vation, while In Sumatra at certain polntn, 
even still lower. 

The consequence Is that the surface 
soil behaves In some respects as a sandy 
soil . It Is very pervious, well aerated, 
but at the same time on slopes It Is very 
much subject to sheet erosion by rain 
water, and In times of drought to the 


ll6. This mountain grariu.latlon I have also observed on the higher mountains in the Philippines, at elo- 
vatlons above about 1000 meters. On Mt. Katanglad, Mindanao the liglit yellowish brown clay soil 
from the moist forest is so well granulated tliat it is even looser than sand, and having a lower 
specific gravity than sand, feels more like- sawdust. Yet when puddled this soil is at once reco/y- 
nlzed as a clay. — Translator. 
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go-called "dry wash" (see pages l40-4l). 
Biologically and chemically, however, such 
soils re much richer than many sandy 
soils of the lowlands, especially much 
richer than sandy soils high In quartz 
sand. For It Is true that the "pseudo- 
sand" consists to a great extent of col- 
loidal constituents. This Is also evident 
from the publications of Deuss^^^ who shows 
that a number of such mountain lixivium 
soils are among the best tea soils. More 
about this later. 


* * * * * 


Now If we turn toward those regions 
of the Netherlands Indies where the wet 
monsoon alternates with a distinct dry mon- 
soon; thus passing from the tracts indi- 
cated by blue on the maf) (see Fig. 6) to 
those shown by yellowish green to red. 

In these tracts then (again with the same 
parent material) a continuous water moveinent 
(HH) down through V.b.l., cannot take place, 
Instead HH changes to Hr. Now to what 
does this lead: V . b . I . --He . Hr . ac?--In the 
wet season the same things happen as with 
Hc.HH , but not In the dry season. In 
this latter period there Is a drying out, 
a rest period. This' Intermittent weather - 
ing leads to a similar result as does the 
continuous washing’ or leaching, only more 
slowly. Small differences may however be 
noticed. 

The annual substantial drying out 
of the surface layer com])cl3 the vegeta- 
tion of He. Hr to be different from that of 
He.HH. The stronger the dry season it has 
to endure the more the deciduous forest 
comes into the foreground. This means 
that during several montVis of the year no 
organic matter is produced, while upon and 
in the soil the cons lunpt ion of organic mat- 
ter still goes on, although in the dry 
season it -is to a lessened degree. The 
result is then that under he. Hr less or- 
r.anic matter is found in the soil. The 
opportunity for movement of the sesqulox- 
hies is also smaller. The pH approaches ?• 

A figure similar to Fig. A (Front- 
ispiece") would appear somewhat different. 


In the first place the time would be some- 
what longer, thus the length from left to 
right somewhat greater and more linear. 

Then 0 and also E would be less developed. 

The E horizon due to the more thorough- 
going drought will move from yellowish 
brown toward reddish brown and toward red. 

In Java this is to be seen very clearly in 
the regions with a pronounced dry period 
(see the small map, Fig. 6). Here we see 
this reddish brown tint appear in weathering 
st.age 2. This is a phenomenon which In 
many wetter regions can be observed only 
later In stages 3 to 4. As to the erosion, 
though that caused by rain may finally be 
just as heavy, we may say that this is less 
in proportion as the number of heavy showers 
per year decreases. On the contrary the 
"dry wash" Increases with the dryness, just 
as does the wind erosion through simply 
blowing the soil away, when the hot dry 
monsoon wind takes up the red dust, which 
has been developed through slaking down 
along millions of hair-like cracks. This 
dust is do]) 03 lted in windless valleys and 
other moist spots where, once it has again 
become wet or moist, it remains. In the 
same way just as with He.HH.aea complex 
of alluvial layers \z and b Is formed 
under E, in rare cases also under He.Hr.ae , 
which is lat.er removed exposing the 1 2 and 
lo, and then again we have a case of the 
latertte "cri*ist" exposed at the surface. 

This late rite crust may be somewhat 
more solid and harder than under He.HH.ae. 
Because in the last stage of He.Hr.ae, when 
still only a few dm. of E remain, In the 
dry monsoon ascending water can approach so 
close to the upper surface that evaporation 
can alter the character of the weathering 
into He.HS.ae. This means that what is 
dissolved In the water becomes deposited 
in the surface layer, finally In the por- 
ous but hard layer of Iron oxyhydrate b, 
called " laterltc in the narrower sense . " 
Deside traces of such bases as Ca, Mg, K, 
and Na, these dissolved materials referred 
to possibly Include iron and aluminum oxy- 
hydrates, bo It then in a very dilute state. 


J. J, B. Doubs, Over do theof-T- van Java en Sumnta'a, Merdeii. Pi'oelBt. Thee, ^ (191?) and ^ (I9>u4) . 
Bergoult., I (1926), p. 1}}. 
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In the literature which has ap- 
peared In the last few years relating to 
,the formation «if red earth and laterlte,^^® 
It has been rather generally accepted that 
the "laterlte In the narrower sense, ” that 
is, the laterlte crusts , can only "develop 
on the surface of the soil In climates 
with a strong dry season, since then the 
water can rise to the surface, and as the 
result of the evaporation of the water dis- 
solved PegOs and AI2O3 can precipitate 
there." These are the conditions I have 
described above as an H8 movement of the 
water. 

According to this reasoning later- 
lte would be excluded from the surface 
where there Is an HH water movement, al- 
though according to the considerations de- 
veloped on pages l44-l4^, It Is entirely 
possible. And experience also gives ex- 
amples of laterlte "crusts" on the surface 
In regions where the dry season Is of 
slight or no significance, and no ascent 
of water need be taken Into account. 

Further, we saw a moment ago that 
with a thick E layer and pervious soil 
there Is no possibility that water can 
ascend to the surface layers. Thus later- 
lte formation would also be excluded until 
the last or the next to the last stage (see 
above) . 

The ascent of ground water does 
play an Important role In the type of 
weathering which at the beginning Is Indi- 
cated by the symbol H8. As explained on 
pages 64-65 this kind of weathering can 
occur only If the parent material, V.b.l. 

Is exposed to weathering In a layer not 
thicker than about 1 m. above the ground 
water. For only then Is ground water 
drawn up Into horizons from which it can 
evaporate. But as will appear further 
(page 154 ) In such cases generally no 
"laterlte crust," Is formed not even any 
red earth at all. 

Consequently, according to our 
Insight, disappointingly little remains 
of Harrassowltz * hypothesis , which is at 
present so generally accepted. 

In so far as our knowledge goes at 
this moment. It cannot be understood how a 


crust of Iron oxyhydrate containing alumi- 
num oxyhydrate could possibly form on the 
surface of the soil. 

In cases where the soil moisture 
alternately sinks and rises, H8, the sink- 
ing water must take with It the last 
traces of bases as well as silicic acid, 
both as Ions, or as a sol. Would the re- 
versed, ascending water leave behind It 
these constituents and In place of them 
take back up the sesqul oxides ? How could 
that be? By the help of protective or- 
ganic colloids? But do not these come 
from above rather than from below? If the;/ 
are of assistance they will do just the re- 
verse of what the hypothesis calls for, 
that Is, they will assist in moving the 
sesquloxldes downward. Moreover, If the 
bases and even 3102^ (thus also kaolin), 
are nearly exhausted, the vegetation on 
the soil will no longer be worth much. 

And so, from where will the protective 
colloids come? This attempt at an explana- 
tion obviously does not get us very far! 

In cases of continuous or Inter- 
mittent descent of the soli moisture, NN 
or Nr, at last we have a final chemical 
composition similar to that of the later- 
lte crust, though crusts do not result. 

What Influences the red earth to develop a 
crust in the final stage? Thus far there 
Is no Indication as to why, although a 
priori It Is not Inconceivable that, 
through an agency unknown thus far, Fei^On 
In a very pure hydrate form may become 
cemented together, crystallized, via an 
Intermediate stage of solution. 




Since both occur fairly often In 
the Netherlands Indies, two of the faclora 
modifying the profile now need brief con- 
sideration: 

First, the breaking of the whit'" 
clay layer I 2 and the (slllclfled) tuff li* 
As to how that may happen, through earth- 
quakes or landslides, or whatever It m.'p; 
be, need not here concern u^. The main 


118 . This la not the place to deal fully with the very extensive literature. In the Handbuch der Bodon- 
lehre III (I 95 O), p. 562-436, Harraesowltz has done that. It must here suffice to criticize thcne 
conclusions, and to discuss what has subsequently been published. In so far as It contains new 
points of view. 
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point la that water moving downward 
penetrates Into the tuff. Perhaps It Is 
not always necessary to have an accident 
for this to happen. The water, once It 
Is Impoverished of bases and of free silic- 
ic acid, can slowly flow down through the 
clay layer to the underlying tuff until it 
finally reaches the ash layer which Is 
still unweathered. But, when once the 
water has penetrated Into the ash layer 
then through leaching there begins a weath- 
ering of P toward E, precisely as If the 
tuff and the fresh ash lay just under the 
layer oE, or at least continuous with the 
uppermost part of E. There develops a new 
E layer and the percolating water seeping 
downward moves through to where again as a 
result of a deposit of 3 IO 2 there Is an 
Inducement for formation of a new tuff, 
outtlng-off layer li. Then water collects 
above this layer or flows slowly, with the 
consequence of the formation of a new hori- 
zon hf a gray to light violet clay, with 
above It horizon U, a precipitation of 
Iron oxyhydrate plus aluminum hydroxide. 

Theoretically, this sort of phe- 
nomenon can repeat Itself many times, for 
example In connection with a secular deeper 
cutting down of rivers. But before this 


has gone so far, usually other geological 
events Interrupt the regular development. 
Sometimes the results of ^ch a process 
are clearly dlscernable, as I have seen a 
few times In profiles of 50 m. or more In 
deep ravines which are like deeply cut 
river valleys. Here at distances of 5 to 
10 m. are exposed similar double horizons 
of white clay, 1 2 , with Iron ore or Iron 
ocre, 1 3 above them in what appeared to the 
eye as a very uniform, brownish red E mass of 
great thickness. While geologically, as 
calculated from the eruption which was the 
cause of the deposit, the material might 
all be of exactly the same age. The mass, 
however, was composed of diverse E layers 
of different pedologlc ages. 

And then also the following: If a 
repeated profile as described here. Is 
eroded from above, the time finally comes 
when the uppermost layer of ore appears on 
the surface as a laterlte "crust.” (See 
Fig. 24 where several 1 3 layers are ex- 
posed.) From the nature of the case the 
clay layer lying below Is no longer entire, 
otherwise the water could not have gone 
through It and given occasion for the de- 
velopment of the deeper E layers, etc. 
Apparently the descending water from the 
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Photo by Mohr 


Fig. 24. Central Java, west from Patl, south slope of the G. 
Patiajam, near Ngranglt. The layers of laterlte (iron comcretlon- 
ary hardpan)--Y.l. 1/2— He.8/H exposed by erosion giving the Im- 
pression of superficial formations. 
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clay layer takes considerable material 
toward lover horizons. Hence If the later- 
Ite crust Is broken through and under It 
there is found a brownish red E layer of 
red earth, It Is entirely understandable 
if the following conclusion be drawn. 

This concretionary laterite crust on the 
upper surface has originated froth E, thus 
the Iron must have ascended up from It. 
While this Is certainly conceivable It Is 
by no means the only possible explanation. 




The other modifying factor above 
referred to la when new deposits, such as i 
fresh volcanic ash, V.b.l, are laid down on 
top of E and oE. When for example the ash 
Is very finely divided, a new ash layer of 
this kind may be of a similar slight poros- 
ity as the underlying soil. But It may 
also be coarser, sandier and hence much 
more pervious. 

In the first case, In the begin- 
ning the water penetrates unhindered. But 
because of the alkaline reaction of the 
sinking water (it having passed through 
the fresh ash) the horizon E , at least In 
the uppermost portion, will tend to dis- 
perse and will consequently run together 
( "verschl&nmen") . This is especially true 
if that ash-extract possesses much Na. If 
In this way a difference In permeability 
develops, then water accumulates at the 
boundary. In the lowest, quite pervious 
ash layer with the consequence that there 
Is an opportunity for differentiation Into 
a bleached clay layer overlaid by a layer 
of Iron oxyhydrate. 

In the second case, the water level 
originates In the fresh volcanic sand 
below, and there is also the above-men- 
tioned differentiation. In this case It 
Is still more easy to understand that the 
ferrohydroxide which Is liberated from the 
darker minerals must precipitate as ferrl- 
hydroxlde on the upper edge of the drowned 
layers, where water containing oxygen can 
come In contact with It. 

In both cases, while the higher- 
lying ash weathers to E with oE on top of 
It, there forms just above the original 
separating plane a double layer, I2 + I3, 
of the same sort as the one described 


above. And also this phenomenon can, by 
successive ash coverings, occur several 
times, so that a repeated profile as 
sketched above, can also originate In this 
manner. A satisfactory differentiation 
between them Is possible only as long as 
one can tell by the unveathered minerals 
In the stages (l) to (2), whether the 
layers between the double layers 1 2 and I3, 
from above downwards, become older, or the 
reverse. 




After discussion of the continuous 
(hh) and the Intermittent (Hr) leaching 
there now follows a more detailed consider- 
ation of the alternating weathering (HS). 

The occurrence of this type of 
weathering Is limited by the nature of the 
case. It can occur only when the ground 
water has a certain position. If that 
level be too low, then the weathering be- 
comes Hr, since In the dry season the water 
cannot get back to the surface again. If 
the level be too high, then the soli Is 
saturated, or "under water," so that weath- 
ering with air (ae) is replaced by veathering 
without air (aq). For a quite pervious 
soil material the ground water must stand 
at between O.h and meter below the sur- 
face, and it must maintain about this level. 

In order to have a marked ascent 
in the dry season, (the 8 of the formula), 
we must suppose a quite distinct dry 
season, and also a luxuriant vegetation. 

In the rainy season the leaching process 
will take place with the downward trans- 
portation of bases and silicic acid whicii 
move out laterally. The sesquloxides re- 
main In place undlssolved. This Is all 
just as with HH and Hr. In the dry season, 
this solution reverses lbs direction of 
movement but with much dissolved bases, 
carbonate and silicic acid-containing 
water, and with a pH which will lie above 
7. Again there Is no opportunity for the 
replacement of sesquloxides. At most the 
water which ascends can bring with it a 
little ferrous carbonate, from which a 
little ferrlhydroxlde may segregate in 
the well-aerated surface soil (as ore, leit 
also as small concretions). 

But the possibility exists that 
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the soil moisture, which has an alkaline 
reaction, will during ascent become more 
concentrated by evaporation. Then it 
will alter certain organic substances (for 
example, tannin and Its derivatives) 
through oxidation (and reduction) Into 
intensely dark colored, even black com- 
pounds. Hence if a fresh ash V.b.l. is 
exposed to weathering under these condi- 
tions, as soon as vegetation once gets 
started upon It, the resulting soil is not 
brown nor red colored, but black, since 
the Intense black color entirely obscures 
the brown and red of the Iron oxide. In 
the beginning however, this "black” is 
still rather gray. (See Figs. 23 and 26, 
page 156 .) 

The material that gives the black 
color to this (and many another) soil type 
Is peculiar. Up to the present time Its 
chemical nature remains unexplained. Upon 
treatment with alkaline liquids, which dis- 
solve the so-called "true humus matter" 
with dark brown color, this black color is 
practically not affected at all, nor is It 
soluble In acid. Microscopically It occurs 
as minute coalblack grains, of about 0.001 
mm., (1 mp) diameter. Thus It Is not 
highly dispersed and one can hardly class 
It with the active colloids. There Is, 
however, some uncertainty regarding this 
point, for there have yet been far too few 
Investigations carried out along this line. 

If wo now Inquire about the course 
of the different stages of the weathering: 
V.b. I . --He. NS.ae , It Is difficult to give 
an answer. On several sides this weather- 
ing form Is enclosed by others, and In the 
course of time gradually goes over into 
one or the other different forms. If the 
soil water which has reversed Its direc- 
tion also contains silicic acid, it can 
load to the gradual formation of tuff. 

The soil becomes difficultly permeable, 
and the final result Is something differ- 
ent. Also, the ascent of sodium with the 
vater makes the soli less permeable, not 
T'y the formation of tuff, but through an 
alteration of the structure ("verschlam- 
mung"). If, on the contrary, the ground 
water sinks, then there Is likely to be a 
transition over toward Hr . Thus brown 
Tlxlvlum Is formed which later becomes red 
^ I under a layer oE which, due to the pres- 
ence of the above-described fine black 
^U 3 t, appears very humous, but may perhaps 


be anything else but that. This Is a soil 
type which Vageler so accurately charac- 
terized by using the expression "Blender" 
(blinded). But here we are already getting 
over Into the sphere of agricultural evalu- 
ation. 


# * ♦ * * 


In the cooler (mountainous) regions 
of the Netherlands Indies the Ma.Hr.ae and 
Ma.Na.ae kinds of weathering do not occur. 

At these high elevations, because of the 
rains from the ascending air currents, 
there Is seldom or never an Intensive dry 
period. One might mention certain excep- 
tions such as the Idjen plateau. For that 
matter that plateau does not lie high 
enough, only 900 ~ 1#^00 m. , and it Is well 
drained, so that, for example. In stage 3 
under a distinct humous layer oE, one finds 
yellowish brown to reddish brown lixivium E. 
But a majority of the soils are still In 
the more juvenile stages I and 2, and have 
more of a grayish color. 

In the higher mountainous regions 
the stages 4 and 6 do not occur. It Is 
obvious that this is no accident, but 
stands to reason, and for the two following 
reasons : 

( 1 ) The topography there Is much 
rougher, ’ sometimes very much more so. This 
obviously very greatly promotes erosion 
from the surface. And at the lover tempera- 
ture weathering progresses much more slow- 
ly. Consequently erosion keeps up with 
weathering and the formation of the further 
developed stages. Therefore, before stages 
4 and 6 can be reached the surface material 
is all gone, and again deeper portions of 
the material, having now become surface 
soils, are subjected to weathering. 

( 2 ) Here volcanoes have to be 
considered. The longer the time that 
passes, the more chance that a new cover- 
ing of ash will rejuvenate the soil. 

Hence, In the higher mountainous regions 
the stages of soli development oscillate 
between stages I and 3. 
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Photo hy Mohr 

Fig. 25. East Java, saddle between the Id Jen Mts. and Mt. 

Baloeran. Park landscape, with among others Acacia leucophloea . 
Black dust soil with gravel: V.(l + 2) — He.Nr ,ae.2 to He.nvv,ae.2. 



Photo by Mohr 

Pig. 26. Flores, Just south from Maoemere, Black dust 
soil with gravel: Y.(l + 2) — He.NS.ae. 1/2. Vegetation: 
vldoerl (Calotopls) . 


SUBAQUEOUS FEATHERING AND PEAT FORMATION 




Let us now consider what happens 
to V.b.l if the ash comes to rest u nder 
vater . Thus If In the formula, ae is re- 
placed hy aq. How does the volcanic ash 
weather suhhydrlcally or subaquoously (for, 
example, In a fresh water swamp (rawah))? 

V.b.l.--He.HH,aq(l- 5) Is then the 
formula. — The climate Is warm. There is 
no dry season; the water standing on and 
In the soli becomes continuously diluted 
t)y rain water, and the surplus runs off 
over the surface, some of It also perco- 
lates down through the soil. The bases 
are of course washed out. The original 
reaction of the soil was definitely alka- 
line, but becomes more and morp acid as 
vegetation develops on the soil. This In- 
crease In acidity Is, on the one hand, due 
to the loss of the bases, and on the other 
to the fall and accumulation of plant re- 
mains, which under water cover the soli 
and If attacked by anaerobic -bacteria, pro- 
duce more and more organic acids and acid- 
reacting organic colloids. Already In 
stage 2 , the water becomes brown colored, 
while the color Is stronger In stages 3 
and onward. The pH, which in the commence- 
ment in the soil Is perhaps sinks to 

6 , or to 5 fi>nd even lower. As 4.^ is 
reached, the sesqulo^ldes become movable, 
and are washed out, ‘either as sols, pro- 
tected against precipitation by the or- 
ganic colloids, or as Ions. 

The soil thus becomes bleached. 

Even the larger. Iron-containing crystals 
auch as flakes of mica, become bleached 
and colorless. But some organic material 
remains behind. On the surface of the 
soil Is a black layer 0 , and under this a 
gray layer oE, for the most part gradually 
grading Into the white layer E. 

In quiet water under a swamp for- 
est the layer 0 can attain considerable 
thickness, and then becomes peat . More 
about that presently . --However under or in 
f'lowing water, this organic layer becomes 
01' less significance; especially if the 
water flowing to the place is originally 
river water which contains bases, especl- 
^tty calcium . For then the pH cannot fall 
low enough (not below 4.3) to prevent the 
organic matter being attacked by micro- 
organisms. 


For: organic acids (pH < 4) + CatHCOe)^ 

>Ca salts + H 2 O -t C 02 {pH > 4.83) 

Or expressed in words: the lime combines 
with the acids which Inhibit the micro- 
organisms In their development, leaving In 
the place of the acid Ca salts or absorp- 
tive Ca compounds which can serve as food 
substances for the mlcrofloba. Carbonic 
acid permits a pH no lower than 4.85, for 
at that concentration the excess goes out 
of the saturated solution and into the air, 
as gas. (See Fig. 27, page 138-) The less 
the quantity of bases, however, which occur 
in the water flowing In, the greater the 
opportunity for a much lower pH and of a 
residue of organic matter remaining over, 
since the consumption cannot keep up with 
the production. 

As long as the water in the sur- 
face soil and that standing above It still 
possess adequate inorganic nutrient salts 
as well as N compounds (ammonia) to main- 
tain an active anaerobic bacterial flora, 
then all the plant remains from above 
coming directly Into the water are con- 
verted Into a formless, black mass, a sort 
of j’eat stew, which while somewhat like 
"low peat" of the cooler zones of the 
earth, Is yet more completely broken up, 

( " vermodert " ) . The pH la quite high. 

As these salts wash out and as at 
the same tin!e the pH decreases, the living 
conditions for the above-mentioned micro- 
flora become less favorable. The activity 
of the microflora decreases and there 
gradually accumulate more unaltered re- 
mains of the plant residues. The intense 
black changes into a dark brown and later 
into a lighter brown. From beneath upwards 
the peat acquires more and more the char- 
acter of the European " high peat ," in which 
roots and branches are clearly recognized. 
The pH is then gradually depressed from 7 
or above to 4 and ^ and sometimes still 
lower, (see Fig. 28 , page I 38 . ) Let us 
now look again at the soil layers under 
the peat . 

The layer oE is to be conceived of 
as E with an Infiltration of all sorts of 
things from 0. According to the British 
Indian Investigations already above referred 
to^^^ a peculiar microflora lives in oE as 


^^9. See pages 68-69. 
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Photo by Mohi" 

Fig. 27* West coast of South Celebes. Near Pangkadjono.— A wave- 
cut terrace at the foot of the llmestono mountains. Soli only 1 
foot deep: (K + V) — Hc.Nr .aRi.3t Bleached soil flocked with rust, 
containing many bog ore concretions. No peat on the lime. 



Photo by Jhr. F. C. van Heurn 

Fig. 28. Sumatra's East Coast. — Close to Laboeanblllk, a 
drainage canal through thick layers of peat, pH of the 
water seeping out about 5 to 4. Color of the peat that 
of "loose turf," brown. 
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PROGRESS OF THE WEATHERING V.b.I.-He. NN. aq ( 1 - 4 ) 


Water 



Relative decree 
of heij^ht and 
intensity of the 
vegetation* 


j Peat (Oj 

(oE] 

Black surface soil 


^.b. I 


white I 
lixivium j 


Coarse 



Stage of 
feathering 

(1) 

X 

(2) 

( 3 ) 

( 4 } 

S 

Vi 

Juvenile 

Virile 

Senile 


h^ne 


Iron con- 
cretions 


(I) 


— (D) 


Fig. 29. Progroes of the weathering Y.b. I He.HHiaq( 1-4). 


long as adequate food materials and the pH 
permit It. This microflora under the an- 
aerobic conditions prevailing there pro- 
duces, besides CO 2 , also CH 4 and H 2 . The 
greater part of the Iron will certainly be- 
come reduced to the ferrous state (-bicar- 
bonate), but that need not occur quantita- 
tively In the liquid which seeps through 
the soli. Perrlhydroxlde, In the sol form 
Is present In the soli solution. From 
borings^ It appears that ferrous car- 
bonate or sphaeroslderlte can separate 
from such water In deeper, younger layers. 
This Is presumably so because Fe^"^ Ions 
dissolve out of the unweathered minerals 
In the parent material containing Fe'^'*', 
which with the Fe(HC 03)2 produces the 
precipitate of ferrocarbonate . Between 
these, Fe 203 concretions as "hall ore" 
ane found In the drill core. This Iron 
has then precipitated bcause the pH of 
the gravitational water is gradually in- 
creased as It goes downward. It may in- 
crease from less than 4.5 to 7 and higher 
hue to Its passing through juvenile materi- 
al which can still yield bases. 


If the swamp vegetation has devel- 
oped rapidly, then the occurrence of these 
hard, round, dark brown iron concretions 
can be observed in a relatively young E 
layer at a depth of less than 1 meter. 

But with the progress of the leaching out 
of bases from above the horizon of forma- 
tion of these concretions also shifts In 
the same direction and the highest lying 
concretions once again come Into a condi- 
tion where they can be dissolved and can 
disappear. The horizon of the Iron con- 
cretions Is thus the boundary between the 
senile E layer and the still more or less 
juvenile D layer. These various points are 
schematically represented In Figure 29 
above . 

Concerning the E layer, and also 
the oE layer, it may now be stated that^as 
they become more acid, less and less silicic 
acid goes Into or remains In solution, also 
kaolin goes over less and less Into the sol 
state, and hence Is not readily washed out. 
Consequently, as the stage? 3, 4 and 6 are 
reached, E approaches the composition of 
kaolin plus silicic acid. If from the 
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parent material there by quartz present, 
then it sometimes grows quite perceptibly. 
Upon further Investigation one comes 
across opal precipitations, the latter 
sometimes changing into chalcedony. 

Given that quartz and chalcedony 
exhibit practically no loss on ignition, 
while on the contrary kaolin (crystallized 
as kaollnlte flakes: Al203:2S102:2H20, ) 
shows 13 *9^^* it must be possible with 
such a simple composition to figure out 
from the determination of the loss on ig- 
nition of such a white final soil E = 
He.NH.aq.S, how much quartz and how much 
kaolin are in it. While this has not been 
done for volcanic ash, it has been by C. P. 
Mora^^^ for granitic material from Banka 
(Table 53): 


only a separation into fractions according 
to grain size, but at the same time a sepa - 
ration into mineral components of the soil , 
and this latter is frequently much more 
Important than the former . 

If after this digression into a 
granitic terrain, we turn again to the 
parent material V.b.l. it is obvious that 
no primary quartz is present. At most it 
forms secondary chalcedony in the kaolin 
and from that some quartz in the course of 
a long time. The kaolin may thus be rather 
pure, though it is sometimes also rich in 
accessory silicic acid. In other cases the 
content of AI2O3 is quite high and thus the 
product is apparently more like allophane. 

* * * * 


Table 55 


Sample 
Number j 

Deteiinlnatlon 
by analysis 

Total 

of 

columns 

I, n, 

III i 

Ratio 

mol. 
H2O to 
1 mol. 
AI2O3 1 

Calculated 

from II 

Quartz 

Calculated 

from 

III-VII 

* 

Kaolin ! 
Calculated 
from II ^ 
and VI and 
VII i 

Total of 

VIII 

and U 1 

Mechi 

an leal analyslw 

Loss on 
Ignition 
i HjO 

AljOa 

1 . 

SlOz 

i 

H2O in 
Kaolin 

i> 

SiOs in 
Kaolin 

• * 

Sand 
>30 mu . 

Silt 

30-5 mu. 

Luliim 

< 5 


I 

II 

III 

IV 

V 

VI 

VII 

VIII 

1 

IX 

X 

XI 

XII 

xiri 

4987 

5.1 

15.0 

78.8 

90.9 

1.93 

5.3 

17.6 

61.2 

37.9 

99.1 

66 ^ 

7^ 

27 ^ 

4988 

8.5 

24.0 

67.1 

99.6 

2.01 

8.5 

28.2 

38.9 

60.7 

99.6 

38 

18 

Ml 

4989 

1 11.5 

52.2 

55.4 

99.1 

2.02 

11.4 

37.8 

17.6 

81.4 

99.0 

1 23 

10 

6-’ 

4990 

7.8 

20,9 

71.8 

100.5 

2.12 

7.4 

24.6 

47.2 

52.9 

100.1 

33 

11 

3 I 1 


The close agreement of columns I 
and VI strikes one at once. Column IV 
shows that there can be present but few 
other minerals than kaolin and quartz. 
Column V shows that for 1 mol AI2O3 actu- 
ally 2 mols of H2O do occur. 

That the quartz does accumulate 
in the sand fraction and the kaolin In 
the clay, appears sufficiently from a com- 
parison of the columns VIII and IX with 
XI, XII, and XIII. The silt possesses at 
one time more quartz (especially of the 
50-20 mu. size), then again more kaolinite 
flakes (of 20-5 mu.). Taken by and large 
the mechanical (granular) analysis is not 


Between the ae and aq weathering, 
there is interposed the aiphibian weather - 
ing ; the form of weathering of soils which 
stands under water in the rainy season but, 
in the dry season, remain dry. It is sur- 
prising to note how not only the E layer 
of some of these soils, but also even the 
oE layer in the rainy season becomes gray, 
yes even a bluish gray, while in the same 
place at the end of the following dry 
season the soil is again pale grayish yel- 
low, permeated with reddish brown to dark 
brown threads of iron oxyhydrate. If for 
such amphibian soils one determines and 
states figures relative to the pH or the 


121. C. P. Mom, Kaolin en Ekartszand., Meded. Labor. Agrogeol. on Oondond. Buitenzorg, No. 4 (I 91 B) 
p. 3« (The table ilB slightly recalculated.) 
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content of ferrous compounds, then one 
ought also to record the month and season 
In \dilch these figures were obtained; 
otherwise they have little meaning. For 
Isn't It true that there Is a periodical 
shifting of conditions and each half year 
later the values change? 

If we once again restrict our- 
selves and this time to V . b . I Me . NH . am 
(l-B), then It Is clear that there Is not 
such a sharply outlined case as Is desig- 
nated by the extreme groups ae and aq. For 
In one place am can lie closer to ae and In 
another place closer to aq. And also the 
visible picture sometimes Inclines more 
toward the one side, then again more toward 
the other. But yet for all NH.am cases, 
which are connected with Hr. am, this gen- 
eral point may be Indicated: With an un- 
disturbed situation there develops the 
flecked, cloudy bleaching In addition to 
the already mentioned precipitation of Iron 
oxyhydrate. The latter occurs as veins of 
ore, for example along root canals, and as 
films upon sand grains which are sometlnes 
knit together with this material. But the 
iron also precipitates In the form of Inde- 
pendent concretions, beginning as grains of 
the slxe of sand or as "hall ore," growing 
to "bean ore" which then sometimes also 
coalesce to form larger chunks and layers, 
(see Frontispiece B.) 

It Is evident that not so much 
under HH.am should one search for those 
heavier and remaining precipitated forms 
as ore layers, but rather under Hr. am. And 
widely scattered concretions through the 
whole soil occur more under HS.am. Under 
these last mentioned conditions CaCOs also 
can precipitate. These various relation- 
ships appear In Table ^4 (page 162 ) in 
which, as far as possible, the different 
continuous transitions may be traced from 
top to bottom and from 'left to right. 




If we turn back to page 14^ we 
will recall that In the pages following we 
always commenced with the parent material 
'^•b.l,, introducing modifications one by 
one Into the formula V . b . I . -- He . HH . ae 
(i-6) thus: 


1. from He toward Ha 

2. from HH toward Hr and NS 

5 . from ae toward aq and am 

And everywhere In the appended discussions 
of the resulting soil forms. In so far as 
there was anything special to be remarked 
about them, the stages I to 5 were con- 
sidered. 

Now we shall proceed to consider 
another parent material , which varies from 
good permeability with a moderate to small 
water capacity toward poor permeability or 
Impervious , with a considerable to high 
water capacity. 

The question of the differences In 
volcanic ash was referred to on pages 26 
and 29 . Aside from the question as to how 
far It Is due to a differentiation of the 
magma, or to a sorting of the deposits 
through nearness to or distance from the 
volcano, the fact is that In each case In 
the Netherlands Indies extensive deposits 
of acid material, slllcic-acld-rlch and 
relatively poor In iron must have occurred 
In the form of extremely fine, almost white 
ash. This material then may be designated; 
V.a.I. (Cf. page 143). In the previously 
discussed formula of soil formation: 

V.b. I .--He.HH .a« (1-5) the b Is now re- 
placed by a; and at trie same time the HH 
by nn, etc. 

The water capacity of this fine, 
white ash Is high and as soon as It has 
passed the weathering stages I and 2, It 
no longer forms the very pervious brown 
earth, but a difficultly pervious , pale 
very plastic clay. During stages I and 2 
the soli Is still very pervious, and the 
humus as well as a little of the (brownish 
yellow) Iron oxyhydrate still works won- 
ders. (see Figs. 30, 31, page I 63 .) Let 
us therefore first consider V.t.l.-- 
He.nn.ae (l-b) In Its entirety. 

Properly speaking the pure type, 
the most extreme case of the combination 
nn.ae, actually Is difficultly attainable. 
For If the perviousness Is bad, In a con- 
tinuously wet climate the aeration of the 
soil cannot be adequate. Hence, one sel- 
dom or never comes across a uniformly 
brown or red soli, which at the same time 
Is an Impervious heavy clay. At most. 
Intermediate forms between HH.ae and nn.ae 
wlilch from plain brown or red become more 
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Table 

SASILY FERMEABLK SOU MATERIAL ^ 


Parent material 

V. b. I. 

Temperature 
Zone : 

Ke 


Continuous 
downward 
Water movement 

Leaching out leaching out 

ii 

NN 


Intermittent 
Downward 
Water Movement 

Leaching out Hotlonlass 


Alternating 
Water Movement 


Leaching out Concentration 

It 

N S 


First yellowish 
brown 
Then reddish 
brown 

then red eluvium 
or lixivium 


without 

concre- 

tions 


first reddish 
brown 

then red eluvium 
or lixivium- 


without 

concre- 

tions 


Subaerial 

weathering 


continuously decreasing 
content of SIO2, more 
gradual decrease of 
Kaolin 




OE (0 I ) dusty 

black 


VS- 

I (bMU 
higher!) 


I ( less 
deep! ) 




c®- 


(deepi ) 


E grayish brovrv ^ 

, \ \ 

^ yellowish gray 


i gray to black oE 


I 


« \ 


I 


Amphibious 

Weathering 




green! eh gray 

n 

bluish gray 


^ %, 
e S 
e > 

9 ^ 
d 






A < 3 ^ 


Subhydrlc or 
Subaqueous gq 
Weathering 


0 on virgin terrain, 
ultimately: peat 


oE dark to light gray 


E bluish gray to white 


continuously decreasing 
content of free seequloxldee 


0 on virgin terrain, 
ultimately; peaty 


oE bluish black to gray 






few concretions 
bog ore 


0 ®- 




oE ( 0 I ) black 

■i c-l 

xy 








oE 


bluish black with 
rod threads 










\fotv 


cot^' 






1. For this scheme, oemparet Neded., Ho. Jg. 1931 der Neded. Proefst* J. S. I., Arohlef S. I. In M. 1 », 
III, p. 627 . See also footnote 70 , page 112. * 
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Photo hy Mohr 


Flp5. 30. South Sumatra; along the road from the Ranau lake toward 
Llva. Fresh cut In liparltlc tuff. Steep talus slope, for the 
gully erosion Is much more vigorous than the erosion of the upper 
surface. For detail, see the following figure. 



Photo hy Mohr 

Pig. 51. South Sumatra, along the road from the Ranau lake toward 
Llwa. Fresh cut in Llparltlc tuff. Profile: 

0 about 1 foot. Very much plant residues and little soil. 


OE " 1 *’ Quite humous soil layer, already cemented. 

E -^0 Lightly weathered, going over rapidly into 

unweathered tuff, with a strong tendency 
toward. gully erosion. 
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flecked In the direction of the "mottled 
clay," as they are more difficultly pervi- 
ous to water and air. These Intermediate 
forms are found quite frequently in Central 
Sumatra, In West Java, and In Borneo. They, 
however, do not always occur upon V.a.I., 
as for example In Djambl, but upon other 
difficultly pervious parent material. But 
all lie between the uniform brown or red 
and the red or yellow flecked with white 
or pale violet, sprinkled with Iron pre- 
cipitates in all sorts of forms. As soon 
as stage 3 Is reached both sorts are 
leached out, though the progress of leach- 
ing out of the bases Is slower as the par- 
ent material Is more acid and Is corre- 
spondingly poorer In Iron compounds. The 
soil types to which these processes lead 
would In Central Europe be called "schwere 
letten," and there these types would be 
considered useless for any cultivation. 

Thus nature exhibits all kinds of 
transitions between V . a. I . --He . nn . ae (1-5) 
and V.a. I .--He.HH.ae (1-6). The flecked 
or mottled nature, which has been recorded. 
Indicates a transition toward V.a.I.-- 
He.nn.am (1-6), thus toward a more or less 
amphibian weathering of fine, white, dif- 
ficultly permeable ash. If the land slopes 
inward from all directions toward a de- 
pressed center, then the soli becomes sub- 
merged and remains standing under water, 
and In case a little permeability still 
remains we reach V.a. I .--He.nn.tq (1-8). 
However If the perviousness has been en- 
tirely lost, then the formula becomes 
V . a . I . He . r . aq (3-6), for In the stages 
1-2 such an Imperviousness can hardly 
occur. 

With the last named type we have a 
swamp soil with the surface horizon grayer, 
deeper, and more bleached. It Is a solid, 
heavy, very plastic Impervious clay, with- 
out either spherical Iron concretions or 
layers of ore. If, however, the level of 
the swamp or lake oscillates more or less 
with the season, then there will be a de- 
posit 6f iron concretions, but only close 
to the permanent water table, In a ring 
which sometimes goes dry. This, of course, 
more nearly corresponds to the formula; 

V.a. I .--He.nvv.atn (1-6). 


With this last formula we now 
approach a much more Important soil type, 
at least so far as Its distribution In the 
Netherlands Indies Is concerned. It Is the 
peculiar black soil of the regions with a 
distinct dry monsoon . This soil Is found 
in the eastern half of Java, on the smaller 
Soenda Islands, and there are great ex- 
panses of it in the southeastern part of 
Celebes. For one who is familiar with 
these regions it is surprising to stumble 
upon the following statement under the 
discussion of the tropical soil formation^} 
in the great Handbuch der Bodenlehre: 

" Blackearths . They develop In a 
hot climate through alternating washing out 
and concentration and belong to the arid 
soils. They are not further considered 
under this heading as they are treated In 
another place In This Handbook and In their 
entirety In the narrower sense are no 
longer to be considered as true tropical 
soils." 

Harrassowltz, the writer of these 
lines, apparently therewith refers the 
reader to the chapter on "Subtropical 
Blackearths by Glesecke which Is found 
In the same volume. In this discussion 
Glesecke treats the black soils of Bombay 
and Madras, of Morrocco, Sudan, South 
Africa, of Argentina and California all 
together, but he does not mention the 
Netherlands Indies. And how Is that?-- 
Must we consider the south of British India, 
between 20 and 9^ North Latitude, and Soera- 
karta and Madloen at 8°South Latitude sub- 
tropical rather than tropical? If so, then 
the differentiation of these two concep- 
tions according to latitude, the position 
of the sun, and the uniformly high annual 
temperature breaks down. I feel compelled 
to oppose this Interpretation. According 
tomy conception It Is simpler and better 
to retain the old differentiation Into 
broad zones, and In addition to recognize 
that also In the tropics soil formations 
occur which exhibit many points of agree- 
ment with soli formations which are devel- 
oped In higher latitudes. It seems to n.e 
the essential conditions under which tbe 
"black earths" develop are less strictly 
limited by the latitude than by other 


122 . H. Hto-aesowltz, Bbden d. trop. Reglonen, Handbuch der Bodenlehre III, (I95O), p. 569. 
125. F. Glesecke, Handbuch der Bodenlehre III, (I93O), p. 33O. 
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factors, such as the periodical alternation 
of vet and dry seasons In the year. Conse- 
quently If somewhere In the tropics the 
conditions occur which prevail more gen- 
erally In the subtropics, and which may 
even be found In the temperate zones, then 
In those places similar types of soils de- 
velop. But to refuse to call such soil 
types "true tropical soil types" will not 
do. All kinds of soils In the Netherlands 
Indies are a priori tropical. 

The formula of the black soils now 
to be discussed Is: V . a. I . — He . nvv .are 
(i-6). We begin with a fine pale ash which 
in the rainy season Is saturated with much 
water. Through hydrolysis a pale weather- 
ing colloid first originates and the soil 
moisture In It, containing Ca and especi- 
ally rich In Na, exhibits an alkaline re- 
action. In the dry season, which Is at 
least 3 months, but mostly 4 to but may 
even extend to 6 or 8 dry months (see 
Table ;56 and Fig. 6 ) the moisture of the 
surface soil and even that from greater 
depths evaporates. The reaction becomes 
strongly alkaline, the pH moves up to 9 * 

The first modest vegetation of grasses 
and herbs dries out. The soil moisture 
containing salts makes the soil "physio- 
logically dry." In the following rainy 
season a part of the salts (sodium and 
calcium bicarbonate) becomes superficially 
leached out and Is taken away with the 
surplus rain water that runs off. From 
the seeds and also from the root stocks 
which survived the dry season, a new, 
sparse vegetation springs up. In the 
following dry period the dying Is rep'oated 
as a result of drought of most of the 
parts of the plants above the surface of 
the soil, while the reaction again becomes 
!nore strongly alkaline. Of trees only 
those sorts can succeed which can easily 
endure a reaction of periodically definite- 
ly alkaline nature, and In connection 
therewith, are more adapted to symbiosis 
^ith bacteria than with molds. Such are, 
for example, the Legumlnosae and amon^pst 
them [particularly the Acacias, whose 
^’trong roots are able to grow down deep 
^^ito a difficultly penetrable soil. 

' t. H. E. Aiinott, T!ie T'/itiu’O ol the ooiom^ o!" blac’ 
h-t. W. H. ITarrleon and M. R. Ruirm sward Slvan, BIcca 
S er. II, No. h 

"‘-h. J, VT. Loatho •, tho on-inoB^td'^n of I i' Irn Soil 
l‘h* Oldham, Manuel Gkjol. India, p. Hit* Also In Leu 


Especially A. tomentosa (Javanese: klampls ) 
and A. leucophloea (Javanese: pllang ) occur 
frequently on the black soils of Java and 
thus apparently excel In the characteristics 
mentioned. But also other plants frequently 
occur, such as Opuntlas and Euphorbias . 

(see Fig. 5 ^, page I67.) 

Meanwhile the weathering goes on. 

At the expense of the crystals of feldspar 
and pale glass particles which are present, 
the weathering forms colloids which become 
continually richer In kaolin. The soil 
becomes richer in colloids, while the proc- 
ess extends deeper and deeper below the 
surface. The bases come In for attention 
as a cause of chemical displacement within 
the sphere of action, as also the silicic 
acid but not the Iron, because the pH 
ranges between 8.5 and 7 * If at the same 
time a predominating black did not obscure 
the soli color, this should be light brown, 
or after a long time more light red. Whence 
does that Intense black color come ? 

The opinion proposed at one time 
that a large content of finely divided mag- 
netic Iron ore^^"^ should be the cause, was 
conclusively refuted by Harrison and 
Ramaswaml Slvan, who demonstrated that 
this mineral occurred In only a few of the 
many "regur" (black cotton) soils which 
they Investigated, so the constituent 
causing the black color must be ascribed to 
something else. Still much earlier yet 
Leather^ had spoken out regarding the 
black "regur," that neither could organic 
matter be the cause of the black color, 
since that soil possessed so little organic 
matter, and therefore he ascribed the color 
to some mineral or other. But what kind of 
mineral, however, was not clear to him. 
Perhaps it was graphite. This last was 
how('ver contradicted by Oldliam, who was 
unable to demonstrate any graphite. And 
3C tho final result of the experiments of 
Leather was this: The black matter Is 
specifically light, lighter for example 
tiian kaolin. It Is not oxidized by strong 
sulfuric acid but vanishes upon ignition 
and. If first extracted with acid, leaves 
behind a vlilte ash. The conclusion of 
Oldham/"' accei'ted by Harrison and 

>'otton sollt', Mom. Dept. A^a’. India, I, No. 9 _ (iS^le). 
>.\n.ton soils of India, Mem. Dopt. Agr. India, Chem. 

s, A^a'lo. Led,‘.^cr, I 898 , No. £. Pp. 85 . 

Iher, 1 . c., p. 24 . 
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Photo hy Mohr 

Fig. 32 . East Java, North slope of G. Ardjoeno, near Tretes. 

Fan shaped fracturing of auglte-andeslte, mostly In thin plates 
which later are very subject to weathering. 



Photo by Hohr 

Fig. 35* North from south Celebes. Toradja lands. Near Rlmboen, vest 
from Makale. TJirough surface erosion exposure of the spherical exfoli- 
ation weathering of compact, old andesite. The original unity may be 
reconstructed from the three kernels In the foreground. 
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>(r Euphorbia 


<r 

Opuniia 


Opuntia 



^ Black earth 


Photo by Mohr 


Fig. 54. East Java. East from Probolinggo. Characteristic 
lerophytic hedge vegetation ( Opuntia nigricans and Euphorbia 
tirucalll) on very di‘y black earth; tM— Hf.nvv.am.S. 


Ramaavaml Slvan^^® was that it must be an 
amorphous colloidal hydrated double sili- 
cate of iron and aluminum, a conclusion, 
to which Olesecke^^® apparently also was 
Inclined. But this explanation appears 
to me as also untenable, for l^t such a 
colloid cannot withstand strong sulfuric 
acid, and 2 nd upon ignition it cannot 
leave behind a white ash. Further re- 
search may soon shed more light upon this. 
Provisionally it appears most probable 
that the black substance is of organic 
origin, developed through a sort of ’’car- 
bonization." But from what and through 
vhat, no one can today say. Only this 
much is well known, that the formation is 
dependent upon the reaction of the soil. 

In an acid medium this color does not or- 
iginate but It does in a neutral or alka- 
line one. Thus it is possible that bac- 
teria, perhaps also other microorganisms, 
play a role In the formation of this black 
material, organisms, which in the oxygen- 


poor or oxygen-free surroundings borrow 
the necessary oxygen from carbohydrates 
and other plant residues, while they leave 
behind a residue rich in carbon. 

Through the usual method of carry- 
ing out the granular (mechanical) analysis 
in the Netherlands Indies (a method which 
can be conceived of as a further elabora- 
tion of the earlier, American method^^^) a 
peculiarity came to light which neither 
the American method nor the present inter- 
national plpet method makes perceptible. 
This peculiarity is that the black sub- 
stance in the kinds of soil upder consid- 
eration concentrates itself almost entirely 
in the fractions between 0.5 ftnd 5 mu. The 
black particles are sometimes a little 
larger, up to 10 mu. Thus they are not 
finely dispersed. If they act as a colloid 
then it is as colloidal agglomerates. The 
fraction finer than 0.5 mu. is, however, 
like glue, and also like it in color, 
being a dirty olive yellow. This fraction 

der Bodonlshre III (1950)# P* 3^3* 

Handbuch der Bodonlehre IV (1930), P» 157 • 


L. 0., p. 280. 

F. Gleseoke, Subtropleoh® Schwarzarden, Handbuch 
Br. Taoke, Die Humus Bodan der gemasalgtan Brelton. 

■ *• c. J. Jtohr, Bull-. Dipt. d'Agrlo. Ind. H.erl., Ro. ^ wid 4? (1910 «id 1911)- 
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must be considered as the cause of the 
shrinking and cracking and of the hardness 
of the clods, concerning which I have pub- 
lished various data,^^^ and to which in 
the subsequent portions of this book we 
shall again refer. 

Here still the attention should be 
fixed upon the fact that the black sub- 
stance does not originate gradually and 
in the long run from a previously present 
lighter colored substance or complex of 
substances, analogous to the formation of 
red iron oxide forms from yellowish brown 
iron oxyhydrate. The black color obvious- 
ly originates directly. And that is also 
conceivable, since it is just at the be- 
ginning that the reaction must ‘be most 
alkaline. And as alkali carbonate and 
calcium bicarbonate are very gradually 
leached out in successive rainy seasons, 
the pH must certainly fall to Y and lower, 
through which the conditions for the for- 
mation of the black substance are complete- 
ly eliminated. 

After all, the "black earth" and 
the "red earth" stand close together in so 
far as a somewhat more rapid run off or 
leaching out of the alkaline soil extracts 
inclines the balance toward the red. A 
somewhat higher water capacity and a lower 
permeability hold the soil water and in 
the dry season cause them to evaporate. 
Hence the tendency is toward the formation 
of black soils. Thus in a locality which 
has slightly rolling topography with here 
and there somewhat steeper slopes toward 
brooks and creeks, one frequently sees the 
black color of the higher flatter portions, 
while, where the slope becomes somewhat 
greater and therewith the dewatering, is 
rapid, red at once obtains the upper hand. 
All this with one and the same parent ma- 
terial . ^ ^ ■ 

Anong the numberless large and 
small centrifugal ridges which radiate 
from a volcano, one sees suddenly a single 
black spot In the midst of much red, or 
the reverse. Then upon closer investiga- 
tion it has frequently been possible to 
exi-lain these through small differences In 
the parent material. For example, a some- j 
what higher content of iron, or a somewhat 


coarser grain size and the color becomes 
red; a finer and somewhat paler ash, and 
the color becomes black. These cjlfferences 
are because each ridge has developed from a 
separate mud flow (lahar). 

But--what .once is black remains 
black; and what is red, remains red. Thus 
profiles were found where a layer of a few 
meters thickness of the composition Y.a.I. 
--He.nvv.afn.4, (black), lay upon a red 
layer, ( V . b He . NH .ae . 4) although sharply 
differentiated from it. (See Fig. 36, 
page 169.) Elsewhere, not far distant 
from this, a brown oxidized layer rich in 
rock (V.b.2.--He.Nr .ae.2) lay upon a couple 
of black, earlier deposits, each corre- 
sponding to V. a . I .-- He . nvv . aiB. 2* 

Previous to discussing the profile 
development, it may first be remarked that 
the main soil form under consideration is 
as a rule characterized by the presence 
of lime concretions . Sometimes there are 
exceptions to this. One realizes that it, 
depends upon the addition and the losses or 
calcium carbonate. That is whether the 
CaCOs precipitation will first grow to 
small graln-llke concretions, which later- 
increase to the size of p^lgeon's eggs or 
to those of a fist (but kidney-shaped), or 
whether the concretions and the smaller 
grains will again dissolve. Much depends 
upon the Ca content of the parent mater i'-il. 
But still morje upon the soil climate, in 
so far as the nvv of the formula approaclioj 
more toward nn than toward ns. Black soil;;, 
adjacent to red ones will in general ex- 
hibit fewer concretions than If they lie In 
districts where the dry monsoon is more 
pronounced and the material Is rich in Ca. 
(see Fig. 3i'f page 189-) Taken by and 
large, on the same parent material, one 
finds in the east (i.e. on the Smaller 
Soenda Islands: Lombok, Flores, Timor) rnoT-e 
concretions in the black earth than in Cen- 
tral Java. 

The behavior of the iron is pecu- 
liar in these black soils. If a quantity 
of such soil is ignited in the air it be- 
comes uniformly red; only If a deeper 
sample from close above the water table . >3 
taken, one will sometimes come upon small 
iron concretions (little spheres of at tmjt. 


132 . E. C. J. Moiir, Model. Lab. Agrogeol. Grondond., No. 1 (1915) • 

155 . Tlilfl l8 often the case In Central India where the sharper elopes in the black cotton soil region 
have dark brown soils. —Translator. 
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Black earth 
with few 
concretions 

Layer of lime 
concretions 

Juvenile 
black earth 
(more gray) 
with lime in 
clouds or flecks 
and 

Unwcathcred 
pale volcanic 
material 


Photo by Mohr 

Fig. 55. Soorakarta, Mod Jo sugar contral district. Black earth 
profile. 50 motora from profile shown In Fig. 56. 



Photo hy Mohr 


Black earth 
with lime 
concretions, 
poor plant 
growth above 

from 

Pale tuff 
with gravel 

Fine grained tuff 
sand (aeolian?) 
Red earth 
(Iron) ore 
Pale clay 

Layer 
cemented 
with S1O2 


fig. 36 * Soerakarta. Modjo sugar central district. Black earth 
profile ahore a red earth profile. Only 50 m. trm the profile 
shown In fig. 35. 
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1 mm. diameter), which then appear upon 
Ignition as little blackish red bits. 

This agrees also with the explanation of 
the origin of the black soils: In an alka- 
line or neutral medium the Iron Is not 
movable. Only when the climate Is so moist 
that nvv Inclines more toward nn and the 
lime concretions disappear, does one see 
the brown flecks and threads developed 
upon the broken surfaces and cracks. This 
Indicates amphibian weathering nn.am and 
more Iron concretions begin to form. But 
then the pH In these washed-out black soils 
Is locally sometimes much lower than 7* 

The peculiar shrinking and crack- 
ing of this kind of soil Is a phenomenon 
which. In the dry season, Impresses every I 
observer. The obvious conclusion Is that j 
the Iron In this soil, In spite of Its I 
fine division, must be present In still I 
another form than In the brown lixivium j 

soils. Otherwise It would make the soil ' 

more crumbly, so that the larger cracks 
would not be noticed. The Iron may thus 
not occur In the so-called 10th fraction 
of the granular analysis (l/2 mu.). This 
also agrees with the results, since the 
color Is not brown or brownish red, but, 
as already stated, Is a dirty olive yellow. 
This means that the small amount of Iron 
present has withdrawn from the most col- 
loidal fraction Into the coarser fractions, 
,and thus leaves the great plasticity and 
stickiness of the finest fraction unaf- 
fected. So the cracking Is understandable. 
The cracks may sometimes be several cm. 
wide, so that one’s foot can get stuck In 
them. And since a car.e can entirely dis- 
appear In them, the depth of the cracks 
often Is 1 m. or more. However, large 
blocks lying on the surface do not usually 
remain entire. This Is the case only when 
the soil Is still loamy, that Is, when the 
soli still possesses much unweathered ma- 
terial of 5. to pO mu. When the content of 
plastic, shrinking clay Is greater, then 
the large clods, too, break down Into 
small ones, and these again Into still 
smaller, so that the fierce sun finally 
shines upon only rounded heaps of very 
small cubical particles . ^ If now a 
strong dry monsoon wind blows over this 
slaked soil, then many fragments and angu- 
lar grains are m.oved and fall Into the deep 


cracks; thus much surface soil goes direct] 
Into the subsoil. As the rainy season 
follows, the whole soil swells upward, but 
what fell into the cracks as dry grains, 
for the time being does not get to the sur- 
face. 

Hence It Is clear that a succession 
of horizons In the uppermost meter cannot 
persist; each year they would again be dis- 
turbed. Hence the profile Is >)ractlcally 
homogeneous to the depth of the annually 
occurring cracks. However beneath that 
many times one finds an horizon of more 
white lime concretions. And in the still 
deeper black soil underlying the concre- 
tions down to "5 and to 4, yes even 7 m. 
are white flecks of considerable dimen- 
sions. These are cloud-shaped lime precli ’ 
tatlons In cracks, which In the long run, 
because of the very slow leaching out and 
shrinking of the total soil mass, are 
bound to occur. A schematic development 
of the black-earth profile may be found 
below (pig. 4?, page 1V4). 

An apparently more effective reas^ci 
for crack formation In thick layers of bla^S 
earth lies In the following. The mass la Ii 
a moist state, and so at a few meters depth 
It remains plastic. Therefore It has a tr:.- 
dency to bulge out , whenever there Is an 
opportunity for that. Such Is the case, 
for example, along rivers and creeks which 
flow down through larger or smaller ravlruu;, 
The consequence Is that at the commencement 
of the rainy season the soli mass swells 'in.; 
presses outward In the direction of the 
least resistance. If along the river grent 
masses of earth fall, particularly cons; h '- 
ous are those smooth, vertical breakinr’ 
planes, where now and then are exi'osed tic 
above-mentioned cloud-llke white CaCOn 
flecks, (see Figs. 3b-40.) 

In such natural profile cuts we '"u: 
see at the same time how the black horizon, 
even If It Is many meters thick, quite c'cl- 
denly, within a few decimeters, goes ovt^r 
Into the underlying white or pale tuff D- 
A good example Is along the Madloen river. 
At the boundary of 0i (porous, and at me; i 
one to 2 dm. thick) and Og (a harder tuiT 
with slllclous cement) one comes across 
strongly branched concretionary lime lay r 
which reminds one of coral, (see Fig- i - 
page 17^). 


134 . In practice this Is often spoken of as the "cauliflower structure. 
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Black earth, 
without 

_ anything more 
Black earth, 
with 

loose lime 
concretions 

Black earth 
with concretionary 
veins of lime 

Lead gray black 
earth with cloudy 
white lime flecks 


Photo by Mohr 

Flgi 37* Madloon. Red^oearl eugar central district, near 
Poeapoea, along the Xenteng river. Black earth profile from acid 
eruptlvea. 



Photo by Mohr 

fig, J0. South oaitOT Ball, along the road between 

MKnggla and Abundant preolpitatlon of llae between 

(oldarT) seolltaa and obaloedony. Parent rooJtt old baalo enq>- 
tim. Soil! blaok earth vlth a alight reddlah tint. 
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Photo "by Mohr 

Fig. 59. EaBt Java. Seloredjo sugar central dietrlct, near 
Modjowarno. Channel excavated throug}i black earth V.a.l. — 
He.nvv.ain.3. At the right: the black earth has already slid off; 
a block of tuff with a white surface of concretionary lime has 
broken out. At the left: tlirough sheet erosion of the black 
earth the white lime concretionary horizon Is exposed. 


If we now survey the whole picture 
of this black -earth formation, then the 
similarity with the Brit ish-Indian "regur" 
is indeed quite close. At Pasoeroean in 
1930 I met Dr. L. C. Coleman, Director of 
Agriculture, Mysore State, who entirely 
confirmed this opinion. The following 
year I found the same soil type again in 
North Bali, in Central Lombok, in Central 
Flores and South Celebes, so that it is 
quite widely distributed, but still quite 
closely tied to the climatic requirements: 
He.nvv.am. Dr. R. Brink drew my attention 
to the fact that this soil was seldom found 
higher than about 200 m. above sea level. 
Thus the designation He in the formula is 
certainly quite accurate, at least for the 
Netherlands Indies. 




Vliere the fine, pale ash accumu- 
lated under water and weathered according:' 
to the formula: V , a . I . --He . nn . aq . ( l-b ) ttie 

above-mentioned flecked red coloring could 
not develop, and where nvv replaces nn 
neither can the identifying black color 
develop . 

In the first case the weathering 
progresses through the stage ( 2 ) of black 
loam in the direction of a grayish white, 
stiff clay. In the latter case in the 
stage 2-3 the precipitation of some lime 
in the form of concretions is possible. 
There concretions, however, again gradu- 
ally disappear in the stage 4-b and are 
later replaced by iron concretions, whlcli 
of course are preceded by a lowering of 
the pH from above 7 to noticeably below 
that. 

As to how in such kinds of soil 
sometimes dirty olive green to dirty 


135 . Five years in the "black cotton soil" region of Central India leads me to confirm this opinion. 
However, much of this soil in Central India and the Deccan lies between 200-600 m. (800-2,000 ft.) 
elevation. — ^Translator. 



BLACK EARTH COMPARED WITH "RECUR 



Photo by Mohr 

Fig. East Java. Seloredjo sugar central district, near 

Modjovarno. Along the canal excavated through the black earth. 
Above: black earth with downward an increasing number of loose lime 
concretions. Under that: a layer of snow white lime concretions. 
Below that: calcareous pale tuff. 



Photo by Mohr 


Fig. 4l. Central Java. Madloen river, Just up stream from the 
DJatl dam. Profile: 10 m. deep, black soil; V.a. I He.nvv.3 ; 
thon a horizon with many lime concretions (1—1.? m.), then a 
branching network of lime on the underlying pale tuff. See p. I 70 . 
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COURSE OF THE WEATHERING V.a. (1 & 2)-He.nvv.am (1-5) 


Fine white 
ash with 
some pumice 



Black earth 
a few lime 

concretiun.s 


with 


Limit 


4 


' whirl. 


lyer (.f iini, 

_ concretiottH 

Continual li.ri nf n, 
black earth, >i„rn ' 
what mure l^adgr. 
with slip pUiif., 
and limr in ihr,.'ad, 
and cU'Uiis 


Slightly at lacked 
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Weathering 


Juvenile 
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f 


▼ 


First 

appearance of 
lime concretions 


Gradually 
disappearance of 
the j^ay inter- 
mediate layer 


(4) 

Senile 


('omplete disappearance 
of tne lime concretions 
in the surface soil 
in the fith stage 


Fig. 42. Course of the Weathering V.a. (I h 2)— He.fivv.ani (1-6) 


olive yellow colors come about will appear 
presently. 

* * ♦ * # 


Let us now choose as further exam- 
ples a few soils the parent rock of which 
is no longer purely of volcanic nature, 
but belongs to the original marine sedi - 
ments , which have later become solid 
rocks (see page ll) : 

1. Coarse sandy limestone , porous, 
pervious to air and water. Besides much 
CaCOa, entirely or partially in the form 
of still recognizable organisms. It also 
possesses quartz sand, besides weatherable 
minerals as feldspar, hornblende and 
others, originating especially from vol- 
canic or other igneous rocks . Location, 
for example. In Rembang. The formula then 
becomes: zK --He.Kr,ta.(l-6). 

If CaCOa were the only constituent, 
then no vegetation could exist upon this 
soil; for no plant can live on lime alone. 


The pure lime would be very slowly washed 
away In the rainy seasons, since there 
would be so little CO2 to work on It, and 
no soil would remain behind. 

But the sand of weatherable miner- 
als, which weather in a manner similar to 
that which has been previously described 
(Chapter pages 75 - 88 ) , are mixed with 
the limestone. The lime which is present 
in excess Is mixed with the residue and 
combines with It In two ways: l) the col- 
loids (clay) which are formed are to a 
great degree saturated with Ca, and 2) as 
a consequence the soil remains flocculated, 
and thus is abundantly porous for water and 
air. Now vegetation Is quite possible- 
The greater the amount of weatherable sand 
which Is present In the limestone, In the 
form of feldspar, amphlbole, pyroxene, and 
dark glass, the more fertile the soil be- 
comes, and the more luxuriant the vegeta- 
tion. As a consequence of the great pervi- 
ousness of the Iron-rich accessory sub- 
stances, an excess of water, however, cannot 
occur on the reddish brown soil developing 
on the limestone, which Itself Is also por- 
ous and pervious. But--when the drought 
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cornea It becomes critical for the vegeta- 
tion. Then the soli dries out and scarcity 
of water develops which for many plants 
signifies fatal conditions. Other plants 
can save themselves by shedding their 
leaves, the way the teak does. Still 
others come through the drought because of 
a relatively very small transpiration rate 
from their leaves and a large, deep root 
system. Meanwhile the brown color of the 
Iron oxyhydrates changes quite rapidly 
toward the brownish red of the Iron oxides 
containing less water (terra rossa) . if 
the dry season, however, Is less Intensive, 
such as In the Southern Mountains of Java 
to the southwest of the Smeroe, then usu- 
ally the color remains a characteristic 
liver brown. 

When after the dry season the rainy 
season sets In, there comes to light still 
another effect of lime upon the soil. 
Coarsely dispersed and dry, with the first 
heavy shower the soil falls quickly a prey 
to erosion, and washes off from higher 
places Into lower ones. (See Fig. piage 
176.) In this way the higher parts of the 
limestone again become bare, while the 
lover are covered with a double depth of 
soil so that there the most vegetation de- 
velops. The highest CO2 develoi-ment in 
the soil Is also there, and hence the most 
intensive solution of CaCOo, the most In- 
tensive weathering of the limestone moun- 
tains occurs at these lower levels. Tlie 
higher points weather the least, and thus 
become sharper and more conspicuous. Thus 
develops the characteristic profile of an 
Indian limestone mountain easily recognized 
from a distance (see Fig. ^ 4 , page I76) . 
Faint depressions become dee^ pits, only 
partly filled with soil ( dollnes ) . Some- 
times they form In the center a drainage 
passage toward subterranean caves and 
grottoes. Sometimes, however, the drain- 
age I3 not 30 well developed, although the 
Pdt Is already deep and the soil Is thick, 
while the walls like those of the galleries 
about a stadium are for the greater part 
of bare limestone. With quite a rain, all 
the water flows down toward the middle and 
forms a pond, and the soil gradually be- 
oomes levelled off. Because of much vege- 
tation and subaquatlc or at least amphibi- 
an conditions the calcium carbonate is 
strongly leached and carried downward, so 
f^^nt the pH In the surface soil falls. 
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Apparently sometimes the decrease Is so 
much that now and then one comes across 
Iron concretions In dollne soils. Yet the 
continuous addition of Ca-contalnlng ma- 
terial from the slopes prevents the soli 
from becoming permanently bleached to an or 
aq forms; It remains brownish red, though 
It can become heavier, since the Iron from 
the finest subdivision goes over Into a 
coarser dispersed form, by which the clay 
remaining acquires more plasticity and 
stickiness. If a runoff pipe develops 
under such a pond, the pond runs dry. The 
soil again becomes ae, and the flat topog- 
raphy together with the few Iron concre- 
tions are the only things to recall the 
former pond. Yet the outlet may sometime 
again become stopped up. The pond then 
again comes Into existence with all the 
consequences as sketched above. 

If, however, the tuffaceous lime- 
stone weathers under distinctly an and aq 
conditions, then due to the lime of the 
subsoil, It Is an especially favorable 
condition for the formation of iron con- 
cretions in the form of hall ore and bean 
ore (see Fig. 27> page 15 B). This Is es- 
pecially true if the climate exhibits a 
clear and long dry season. 

If, besides the above-mentioned 
weatherable minerals, the limestone 
possesses relatively much quartz sand, 
then this will appear again practically 
unaltered as free sand. Consequently 
terra rossa formed in place is strongly 
sandy, while the soil which has been moved 
will, as a rule, possess less of it. Some- 
times one of the two covers over the other; 
there are naturally ail sorts of possibili- 
ties in this. However it should be added 
that in the course of a long time from a 
thick terra rossa rich In sand the finer 
red colloid fractions are carried downward 
through the soil, so that two definite 
horizons are developed; white quartz sand 
above, and reddish brown, heavy sticky 
terra rossa underneath. 


p. Marls . --If in the sciieme shown 
in Fig. page 12 , we now go from the left 
]'art over toward the right, we then find 
mixtures of the three principal kinds of 
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Photo by Mohr 

Fig. ^0* South Pasoeroean. Northern edge of the Southern Mts., 
south from Toeren. Liver brown lixivium on a cream to salmon 
colored limestone containing tuff sand: tK— He.Nr .ae.2. On the 
slopes the soil cannot became deep, because of Intensive erosion 
and ’’dry wash." 



Photo by Mohr 

Fig. kk. Central Java. The Karangbolong Mte. from the northwest, 
near Idjoeh. Typical limestone mountain weathering profile with 
many sharp peaks and dollnes. 


SOILS DERIVED FROM MARLS 
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constituents; (a) lime, In part aa a very 
fine powder, In part as marine organisms 
(for example foramlnlfera, of different 
sizes, mostly between 0.1 and O.b mm.); 

(b) clay, which had been carried by the 
rivers to the sea, and there at first ab- 
sorptively saturated In the sea water with 
Ca, Mg, K, and Na Ions, thereupon floccu- 
lated and settled out; (c) fine mineral 
powder, not only pulverized quartz but 
also, for example, fine volcanic ash. 

With this, however, the whole story has not 
yet been told, for the clay and the fine 
volcanic ash do not sink unaltered in the 
sea; more about that on pages l84 andlB9 ; 
here only the remark that In the mixed 
sediment which later becomes "marl,” glau- 
conite and serpentine-like minerals also 
occur. 

If now a tuff mixture, as rock in 
a ridge of hills, weathers, then what will 
happen depends of course upon the climate, 
and especially the soli climate. Let us 
choose the case tM-- He . nvv . ae . ( I -5), since 
this one (indicated by 1, 2 and ^ on the 
map, Pig. 6, facing page 60) occurs fairly 
often In Java. The tuff marl containing 
clay Is difficultly pervious and although 
it takes up water, it does not allow water 
to readily go through. It is not the lime 
nor the mineral matter which takes up the 
water but it is the clay. When the clay 
swells, it regenerates into the condition 
which It had previous to the time that it 
reached the sea from the river. This does 
not happen all at once. The adsorbed me- 
tallic ions must be exchanged slowly with 
H and then the H-clay particles become 
hydrated, and some little time is required 
for this. Yet this change apparently pro- 
ceeds much more rapidly than the taking up 
of water by non-calcareous clay stones and 
Olay shales, with the consequence that the 
marls disintegrate much more rapidly. They 
become a clay gravel, which is extremely 
erosive. It Is not at all necessary that 
^ brisk stream of water flow over or scour 
^long It. Even without this the mass 
'^bich has become plastic slumps outward, 

^nd as a consequence It received the name 
gliding soil . I 

Meanwhile the lime leaches from 
bhe surface layers of the soil during the i 
^^^ny season. This Is especially true if | 
^®?etatlon has established Itself upon the 
since It provides for a CO 2 Increase 


In the soil moisture. The reaction remains, 
however, on the alkaline side, and the clay 
gives up but slowly the bases with which it 
is saturated. In the successive dry seasons 
however, there is no washing out. On the 
contrary, the pH moves up to 8 and higher 
while the soil dries out slowly, much more 
slowly than that on the previously referred 
to sandy limestone. As contrasted with the 
terra rossa (as on V.a.I. contrasted with 
soils onV.b.l.), there is a formation of 
some black substance, which obscures all 
other tints. Yet the soil Is not the same. 
It is possible, yes even probable, that in 
the end tM -- He . nvv . am . (4-5 ) can no longer 
be clearly differentiated from V.a.I.-- 
He . nvv . am. (4-5) , especially if the marl 
possesses much powdered tuff, l^^t in the 
stages tM-- He . nvv . am. ( I -3 ) there is still 
too much original CaCOa in the soil and in 
the neighborhood to permit a product to de- 
velop exactly like V.a.I/-- He , nvv . am. { I -3 ) • 
If the lime content of the original 
marl be very high, so that It might better- 
be called a marly limestone, then the slid- 
ing seldom occurs. The water also pene- 
trates less and causes less swelling. On 
the contrary in the dry season the drying 
out of the surface Is more serious, with 
the consequence that the surface soil slakes 
down or crumbles. And if the dry east wind 
blows across it, much soil is carried along 
with it as dust. Wind erosion is also im- 
portant. This phenomenon is especially 
notable in the whole region from Central 
Java to Tlm.or and still farther east. On 
Soemba, for example, most of the soil formed 
in the rainy season is blown away as dust 
from exposed points of such marly limestone. 
This dust is carried into more protected de- 
pressions so that the limestone remains 
practically bare. These eroded places are 
but thinly covered with a few herbs and 
shrubs which have modest demands. In the 
following rainy season the ground washes 
off, losing material which would have been 
held in place by good vegetation. (See 
Fig. 20, page l40 . ) 

' We might here fix our attention 

upon one peculiar difference between many, 
sandy limestones on the one hand and many 
marly limestones on the other. In the 
former it can be seen with the hand lens 
and under the microscope in thin sections, 
that calcite crystals have grown through 
the mass with disregard of all kinds of 
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boundaries; sometimes from one piece of an 
organism into another, in spite of the 
fact that the original forms can still be 
easily seen. In this way the limestone in 
a certain sense has become still more 
coarsely grained than it was before. In 
the latter, the marly limestone, no large 
calcite crystals can be seen, but under 
high magnification much fine calcium car- 
bonate powder Is visible. This looks like 
"craquele," or like broken rice grains, 
where each grain, as it were, has a dimly 
dlscernable film about it. One obtains 
the impression that the calcite kernels of 
the grains cannot grow through these films. 
If these films that are precipitated upon 
the grains are flocculated clay, then it 
becomes conceivable that such a granular 
lime marl in fresh water rapidly disinte- 
grates to a loam, very rich in Ca, of 
great plasticity, and with a tendency to 
bulge out, as soon as the CaCOa content la 
sufficiently decreased. 

Where the rainy season is not too 
short and the dry monsoon is not too long 
(see 5 ^ on map, Fig. 6, facing page 

60), a considerable vegetation can develop 
on the marls. Even forest may grow, though 
many sorts of trees in the dry season lose 
their leaves. The layer oE (ol) la black; 
there is hardly anything of a thin 0 layer 
above it. With depth this oE (ol) layer 
gradually changes, but vary irregularly, 
without sharp horizon separations, over 
into D and the latter again into P, the 
still solid unweathered marly limestone. 

The layer oE ( ol) has been given this 
double designation, since in stages 2 and ! 
3 many times one comes across fragments of 
slightly weathered marl besides newly 
formed lime concretions-. 

During their life some Poramlnlfera 
(Rotallas) seem to have fixed a good deal 
of sulfur. In the thin sections their 
bodies are seen to be, full of minute pyrite 
crystals in the midst of other organisms 
(Oloblgerlnas) , which are completely free 
from crystals. When marls with many such 
sulfur accumulatljig Poraminlferas veather>* 
the pyrite oxidizes and sulfuric acid goes 
into the soil, and at the boundary of oC 
ajod 0 at, for example, a depth of 1.5 to 
3 m. or in the lowest part of oE (ol), at 
0.5 to 1 m. depth, there occurs at times a 
considerable precipitation of gypsum . 

« « * « « 


§6. ALLOCHTHONOUS SOIL FORMATIONS 

Besides the many kinds of soil 
forms originating in place , principally 
through chemical action upon parent ma- 
terlals (the soil formations which are 
called residual or sedentary), there are 
also those kinds of soils which originate 
through material coming from elsewhere , 
followed by the aggregate deposit of sepa- 
rate solid particles or larger pieces of 
minerals of rocks which then together form 
sedimentary deposits . 

Water and air in movement, that ia, 
currents and winds, are the forces \fhlch 
cause loose material to move, and again 
deposit it. They move the soil material 
from its primary place of rest to a second- 
ary one. However since the words primary 
and secondary are also used in another 
sense and, especially in geology, already 
have another and fixed significance, it la 
better that their use be avoided in soil 
science. It is preferable to use the terms 
'* authQchthonou8 *' and ’’ allochthonous 
authochthonous being something that is In 
the same place where it has originated; and 
allochtonous refers to a body which occura 
upon another place than where it acquired 
its existence as such. 

Taken strictly, each soil with a 
profile peculiar to it is authochthonous; 
but the material from which it has been 
built up may be authochthonous or alloch- 
thonous, All kinds of sedimentary soils 
are- thus formed from allochthonous ma- 
terial; but from the moment that these ma- 
terials come to rest they do indeed again 
weather authochthonously. 

Further, in the sediments we should 
differentiate between the following groups 
of constituents I 

a. unweatherable minerals, such as 
quartz; 

b. weatherable minerals, such as feld- 
spars, pyroxenes, glass; 

0 . minerals which have resulted from 
weathering, such as clay, kaolinlte, 
brown iron ore; 

d. new formations, such as peat, coral 
sand, etc. 

The nature and the composition of 
the sediments, qualitatively, depend upon 
the origin, the manner of transportation^ 
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and the manner of deposit ion . Let ud begin 
by separating vater and air transportation . 


WATER DEPOSITS 

Apart from what becomes dissolved 
in water and for the great part is carried 
toward the sea In this form, we can differ- 
entiate three forms of transport of solid 
materials : 

1 . Water and solid materials form 
together a more or less porrldge-llke mass 
which flows downward with a high average 
speed, while within the mass from place to 
place and from Instant to Instant there are 
great differences In speed. This turbulent 
movement exhibits all possible rotations on 
horizontal and vertical axes and the power 
of transportation Is enormous, both as t.o 
the total quantity, as well as to the size 
of single blocks of stone, which may even 
reach several cubic meters In volume (see 
Fig. 46, page iBo) . This catastrophal phe- 
nomenon, which Is designated In the Alps 
by the names "Muren, " or "Murgange," In 
the Netherlands Indies Is called "lahar” 
(Central Java), or "besoek" (East Java). 

Lahars (mud flows) occur especi- 
ally when extraordinarily heavy rains have 
30 saturated with water a large mass of 
fine and coarse loose material, that It can 
move. Once this has started. It continues 
with Increasing sjjeed, taking with It In 
the devastating stream everything that 
the mass meets In Its path and which Is 
not securely anchored down.^'^*^ (See Figs. 
^h-SO, pages I 8 O-I 8 ?). 

The lack of all differentiation 
according to size of grains Is character- 
istic. If a laliar has been just as sud- 
denly stopped as It originally started, 
one may find In a certain volume, say In 
cne cubic meter, particles of 6 mu, as 
well as sand of 1 mm., or large stones of 


b dm. diameter. Eye witnesses state that 
large boulders of more than a cubic meter 
seemed to float on the mass. Hence when 
a lahar comes to rest, deposition In layers 
Is out of the question. Prom the stand- 
pjolnt of soil science the material Is 
truly chaotic. 

When a lahar flows out Into the 
plain, where It can spread out to a much 
greater width, there Is a decrease In 
thickness (height) and a reduced speed. 

Then there Is also a first differentiation . 
That Is, the very big boulders and stones 
remain In the middle, lying more upon than 
In the lahar, and the farther one goes to- 
ward the sides, the stones become smaller 
and smaller. For this reason Coert^^”^ dif- 
ferentiated lahar centers and lahar edges , 
and hence differentiated the soils of lahar 
centers and the soils of lahar edges. 

As soon as a lahar comes to rest, 
the water within It has an opportunity to 
flow out and to take with It all sorts of 
solid material. If It rains briskly upon 
the lahar, this rain water carries on down 
stream " af ter-Iahars " which results In a 
deposition of the coarser material up- 
stream, and the finer Is deposited farther 
down, (see Fig. 48, page I 8 I.) 

The mechanical analysis data 
Indicate a general distribution of the 
various sized particles, there seldom being 
less than and/or more than of each 
fraction from \ mu to 10 mm. and larger. 

As soon, however, as by more water, 
a differentiation of the constituents of 
the lahar (from gravel to powder) commences, 
we come to another method of transportation. 
Water and solid particles (at least the 
coarser) no longer form one phase with one 
method of moving along, but two phases: 
above Is the water with particles In sus- 
pension, and beneath the gravel and sand. 

We have thus to consider: swimming or sus- 
pension transportation, and rolling trans- 
portation along the bed of a stream of 
water. 

In each stream of water In nature 
there can be distinguished two sorts of 


>56. Cf: E. C. J. Mohr, Over Efflategromien, Teyemmila, XX (IW), p. 287-297: J. H. Coert, Over eenlge 
grondBoorten In Kedlrl. Meded. Proefet. J. S. I., No. 21 (lo26), p. 855-^811; Vulkanol. Meded., No. 
£ (Kointnerllng) , and others. 

137 . Coert, 1. c . , p. 857 - 863 . , 

1 38 . Compare also: E. C. J. Molir, Ergebn. raochan. Aii.al. ti‘op. Bodon, Bull. Dept. Agr. Ind. Neerl., 

(1911), § 37 . 
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Photo by the Netherlands Indies 
Army Air Servlc© 


HR 1*5. Central Java. Airplane view of the Merapl, from the 
KaL side, after the eruption of Dec. 1950. I^ft: U.har of more 
add (pale) eruptlves; central foreground; lahar of more basic 
(dancer) material. Right fl-cm that: portion covered with vegeta- 
tion and inhabited. Left, more to the side: somewhat older yet 
above also bare lahar terrain, sharply cut up by gully erosion. 


f.Vio 



Photo by H. J. Coert 


Fig. 1*6. Kedlrl. After the Kloet eruption of May 1919, a lahar 
come to rest with great boulders on It. Kali Poetlh near Qaroem. 
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Photo by Mohr 

Fig. 47 . Central Java, Very recent lahar field, close by the 
Blongkeng ravine. West side of the Merapl (after Dec. I 6 , 1930). 
Among the boulders and stones one Is able to distinguish clearly 
the darker more basic, and the acid, white ones. 



Photo by H. J. Coert 


rig. 48. Ksdlrl. After a clouilniret over a. lahar near Karang 
Hongko/s veeka after the Kloet eruption of 1919. Abrupt end of 
the Btream of almost pumice-stone -like, porous andesitic cobble 
B tones . 



Photo by Mohr 


ng. 1*9. Southern Celebes. A cloudburst In the Meta Alio near 
Enrekang. Water of a dirty purplish gray color. Speed of the 
fltream up to 8 m. p«r second. 



Photo by Mohr 


ng. 50. Bdlrl. Bed of the Konto rlyer near Bllng, vlth a pier 
of a destroyed bridge. Coarse and fine oolluylua of D-oet material. 
(Veb.2)co1 . urweathorad. 
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Photo hy Netherlands Indies Army Mr Service 

Fig. 51* West Java. Vertical airplane vlev of the lower course 
of the TJltaroera. Along the river: overwash of pale sand, on which 
are few trees. Left above, and right below: deep swamps with black 
peaty water. Right: commencement of the laying out of swamp rice 
paddles. 


movement: (l) a direct, straight line 
movement and (2) numerous eddying move- 
ments round horizontal axes, brought about 
by obstacles on the bed of the stream, or 
along more or less vertical axes, caused 
by irregularities in the condition of the 
banks of the stream. The latter, the 
eddying, whirling movement is the one 
which especially causes the lifting up and 
bringing into suspension of solid parti- 
cles; the former movement can only carry 
forward, not lift up. 

2. That which is transported In 
suspens ion is ordinarily called ” s lit or 
"sediment” (slib); when the speed of the 
vater I3 lessened it sinks. If there is 
cMy a slight decrease in speed, then only 
the coarsest particles of the silt (sand) 
Mnk and join with what is being pushed 
along the bed of the stream. For the 
gJ^eater part the fine silt sinks only in 
practically still water, for example in 
flooded low plains and in the swamps of 


the low coastal tracts. However there 
then remain extremely dispersed colloids 
still in suspension. These precipitate 
only If in a long rainless period all the 
water evaporates. 

The grain size of "silt” Includes 
dimensions from submicroscopic to at most 
1 to 2 mm. It is worthy of note that even 
with stream speeds of 6 to 8 m. in spate 
(bandjirs) (see Fig. 49, page 182) in 
large and deep rivers, of the material in 
suspension only a few sand grains exceed 
1 mm. diameter, while along the stream bed 
large numbers of stones and boulders as 
big as tea chests are moved forward with 
great ease. Yet even in such streams 
there are apparently still enough rela- 
tively quiet corners along the bed and the 
shores where coarse sand and gravel can 
settle out, and these do not afterwards go 
into suspension. 

If such a river in spate overflows 
Its banks, then outside the natural levee 
formed by the pushing up and pushing over 


Ruegor, TKtlglwlt dee flloBBenden Waasera. Handbuch der Bodenlehre I, p. 2}0-2li2, wherein are 
numeroua roferencee to Important literature. 
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Photo by J. G. van Set ten 

Fig, 52 . Palembang. HlgJi river banJc along the Mooai, with the 
following profile: 

o£ 1 — 2 ft. Humus, dark brown surface soil. Crumbling but 

bound with roots. 

E = 5— -6 ” al — He.HH.ae 2/3, Crumbly, brown to rod. Dry washl 
6—8 ” Flecked transition. 

£ + 1 = 4 — 6 " al— He.HH.ani/aq. 3/4 . Heavy, slippery clay, pale 

with flecks; less subject to erosion, hence bulging 
out. 

of coarser material, ..'lied "turn up," the observable phenomena. 

water quickly deposits as a fine sandy ]oam Such bars and banks are not sta- 

the coarsest of the silt. Thereafter fol" tlonary, but are continually rolled over 

low loam, then heavy loam, and finally clay and over. Far up the course of the str 'r 

(see Flf?;. page I83, -^nd Fig. 82 above), they are eaten away. What the stream '•c; 

If, however, the slit Is carried move, It rolls against the bank, up and 

on by the river to the sea, then as al- over the top, and down on the down stro'm: 

ready recorded on page l^O, It there be- side. In this way selection continually 

comes saturated with bases, and Is floccu- proceeds. What Is relatively coarse 

lated out. sooner left behind than what has a smaUu^ 

diameter and Is rolled along further. 

3. The material which Is trans- a bank of mixed grain size (Fig. 80, rar-- 

ported by shoving and rolling along the I82) gradually becomes purified from 3 u;'i 

bed of the stream Is called In German and fine sand and after having been work; 1 

"Geschlebe." We cannot recall a suitable over for a few kilometers acquires a (piU.r 

English word for this conception, though we uniform grain size (Fig. 48, page l8l)* 
speak of sand bars, gravel banks, cobble Farther down stream, in quieter water, 
stone banks as designations for the banks with components of smaller dlamot-' r 

l40. In "Geological nomenclator," edited by L. Putten, published by the Geol. Mljnb. Gen. (1929) on p- 
for Geschlebe "flchulfateen" is used. Except for the singular, used for one specimen, this word 
BO far as I know has not yet received general adoption. 
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iTiove along until In tho lover course, close 
Dy the sea, many times only sand hanks 
appear to he shoved along. In reality the 
Individual grains are rolled over and over. 
Continually the gravel and the larger 
stones are rounded off, smashed, or ground 
to pieces. The longer the journey con- 
tinues the more the average diameter of 
the material shoved along ( "Geschi ehe" ) Is 
decreased. Only short rivers with a rat'ld 
fall can carry coarse sand and stones Into 
the sea. 

With Marshall^ we may dlfforen- 
tlate three ways In which the mechanical 
weathering of gravel, etc. may occur: 

(l) Scratchln^i and scouring : This 
liap'pens especially when the ratio of the 
diameters of the smaller and larger rocks 
or particles does not exctnui 

(p) Smashing . Smaller gravel Is 
broken by the larger; this occurs especi- 
ally when tiie ratio exceeds 1:10. 

(f) Fine grinding or i ulverlzlng . 
This begins to occur especially with a 
ratio of the diameters of l:2h and highc-r. 
In a gravel bank sand Is not found, not 
only because' It. Is washed away, but also 
because In a short time It would be ground 
up fine and carried away as fine slit. 

The loss of material throuch 
smashing Is slgnlf'cantly great, ('r ttian 
t.lirough 3 crat cl'j I ng , anc ne loss tnrough 
fine grinding and pulver I n In.g threat ly ex- 
ceeds that by smashing. Hence It is clear 
tiiat while very tr.ucli mixed gravel , sucn as 
that washed out from a lanar, afU'r a tlnu' 
appears to have become coarser; tuie f'lner 
[art Is actually more reduced tv.an tn(' 
coarser. 

If the material wiilch; Is being 
pushed along the bed ri'aciu's the sea, tdien 
It can be furtlier ground u; in t.lro surl 
and moved liy the scna currents; nut. ;t can- 
not, undergo such Imf'ortant altera* ions as 
the suspended s 1 It. . 

In soil science, vlth reference tc^ 


the method of transportation and deposit, 
many times the material being pushed along 
the bed is called ''colluvium"^ ^ and what 
was suspended, "silt," which after Its de- 
position Is called "alluvium." Apart from 
the method of deposit and the size of the 
grains, colluvium and alluvium may also be 
differentiated according to their nature. 
The fine alluvium Is seldom juvenile In the 
sense that It still possesses unweathered 
but weatherable minerals. For the greater 
part it consists of products of weathering 
(clay) and unveatherable minerals In pow- 
dered form, such as quartz powder. Col- 
luvium, on the other hand, v;hen It Is very 
coarse consists for the greater part of 
rock fragments still capable of weathering. 
Besides, w^hen colluvium Is finer, in addi- 
tion to quartz sand, It consists also of 
sanh of such minerals as auglte, horn- 
blende, and folds i.ar which, because of 
their ab)llit.y t,o weather, give a juvenile 
c 1’, a r a c: t e r to t ii e d e t ; o s 1 1', . 

From the viewpoint of suitability 
for v(n’et,at, Ion the alluvium will. In gen- 
eral, exhibit a greater temporary fertili- 
ty. Cobluvlum on the other hand begins by 
being infertile, undergoes, however, great- 
er changes through disintegration and 
chemical weathering and in the long run 
delivers greater quantities of plant nu- 
irlents. A lahar unites these two good 
chara c t er 1 s tT c s Into one . 


# 


In ::..any cases It can be seen from, 
the curve cf tiie rechanlcal analysis 
v'lether one is de.aling wltii colluviiun or 
a! lu’.-Iu!':, ‘ and as to how the deposit has 
come .abou*-. Mention has already been made 
.ui pagt:- I’.hv rogardlipp the curve of lahar 
deposits. This shows that coarse fractions 
are ab>senl In the alluvium, and for tiie 
colluvium file flnor fractions are lacking’. 
Frfcm Mu;' form cd’ the curve of an alluvial 


b’il. 

lAh 

145, 


P. MarRhnll, The wenrln,.- of rr.ivol un.lor -oRaillono, Newpoeland Jl. Sc. o. Teclci., IX (i'>27- 

28), p. 25'); litem ., 'iVanc and IVoc. New 7.ealar2. Inst., {l‘^2b) , p. ‘Of. „ „ 

Dr. Goorro had cnllod iv nltent.lon t-, teio practical dlsappe,a.-ance o. the term colluviui,, 

in present day reomorpnolo the attempt id bcluc -iven to.dlfforentlato between coUuvUnn .and 

In tho uc'itqo/'lcal sense in which the autnor 'ins 
alluvium. In this book the two tormi' ar(3 rotalucd Is tsu pLn io.-iLni 

used them. —Translator. ^ ' 

Worked out In: E. C. J. Mo’nr, Bull. Ik^pt. lad. NeerU, yT p. yO-MC. 
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deposit one can see approximately with what 
speed the sllt-contalnlng stream has ap- 
proached, and whether a sudden great de- 
crease In the speed of the stream had oc- 
curred. If this Is true, the curve In- 
cludes many fractions. If a gradual 
decrease In speed occurred, the curve will 
Include only a few fractions. At the same 
time alluvia from flowing water are to be 
differentiated from those from stationary 
water, In that the former have their tops 
at the left; while the latter most always 
have their tops In the finest fractions at 
the right . 

Colluvia have their tops at the 
left, in the coarsest fractions. If the 
materials are but little "rolled out" then 
the curves are strongly assymetrlcal; steep 
at the left, while more extended at the 
right. The more the materials are rolled 
over and selected, however, the more the 
right branch Is shortened, and the curve 
becomes a steep point, so that, for exam- 
ple, a curve for sea sand from a bar in 
the surf, is as steep as a lighthouse on 
both sides . 

If a colluvial sand bank, consist- 
ing in part of quartz, and in part of 
feldspar and other weatherable minerals, 
becomes a victim of weathering, the light- 
house-llke curve becomes less tall and less 
steep, while In the fine fractions a new 
peak rises In the curve. Thus there comes 
about a curve with two sumjnits; one between 
0.5 and 0.1 rrjTi. and another at about I mu. 
But by this tlir.e the soil has become an 
autochthonous soil from an allochthonous 
deposit (colluvium). The Intermediate 
fractions of t to 80 mu. are almost en- 
tirely lacking. It is a sandy clay soil, 
or a clayey sandy soil; but not a loami 




In the preceding cha])ter3 the 
sediments and allochthonous soil forms 
have been included In one formula ; a single 
formula from which can be deduced the par- 
ent material and the method of weathering. 

The parent materials are the sedi - 
ments , of which we have already obtained a 


general Idea from the scheme on page 11 
which Is based upon the main constituents. 
In no sense In conflict with that scheme 
but from quite another vlewpiolnt, that of 
the forming of the sediments, s^ucfi as has 
been described In the few pages just pre- 
ceding, the synopsis has been drawn up 
(Table 88, page IB7). The parent material 
in this summary are given as they should t 
employed In the formula. A few words in 
elucidation will not be superfluous. 

In the first three vertical colu!:;n 
the method of sedimentation and the parti- 
cle sizes are given for the silt curve. 

For soli formation, however, the weather - 
ability or unweath.erability is of the gre'i 
est Importance, lienee the subdivisions in- 
dicated in the 4th to 6th columns. The 
"unweatherable " group is more than ii/lOt'rn; 
quartz. Therefore this group) is briefly 
designated by Q. And since the "weather - 
able" material in the Netherlands Indicnj 
is in most cases volcanic materials and 
rocks, the sumbol V is used in conformry 
with what was stated ui-on page l4f. if p 
is possible to more accurately state whe*- 
the material is acid or basic, then one n'l 
use V.a or V.b. There should be no ob,h.':’- 
tlon if one wishes to use the V more broil 
ly to cover weatherable minerals and 
ou3 rocks. 

The lime is indicated by K. As 
the case of Q and V, a fine form is indi- 
cated by a I , a coarse form by 2. Solid 
coral limestone Is also designated by K.2‘ 
Clay which for the f'roater part may virto- 
ally bo considered the colloidal weather In 
product, is indicated by Kl. 

Finally, alluvluin is designated to 
a1, and colluvium by col. 

Thus according to this scheme we 
h av e 24 d 1 s t i n c t t y p) (is. In this c 0 1 in e i • - 
tion it must certainly be kept in minti ' n'^ 
sharp boundaries never occur. All fornu; 
which lie close to each other show tran.f 
tional forms. Only tlie boundary botweee 
the first 12 groups and the last 12 Is 
clearly marked, those between colluvia 
the alluvia much less.^"*^ The lahar de - 
posits , No. 28, show this very well for 
they are neither colluvium nor alluviui:; 
alone, but rather both together. Thus No. 
2 p (V.l and V.2) col falls outside the 
scheme. 


l44. Soe footnote l42, p. I85. 
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Table 

TYPES OF WEATHERING OF SEDIMENTS 


The non-colloldal part of the doi)Oslt conolsto of; 


Nam0 of tho Sediment 

Entirely or for 
the greater part 

unweatherable 
(quartz, zirco- 
nium, etc.) 

In part unweatherable 

For the greater part 
weather able (in tho 

WhenoTor hardened 

to rocks, the 
name a of the 




in part weather able 

Netherlands Indies mainly 
Tolcanlc materlaie) 

sedimentary rocks 

are : 


Allu- 

Clay 

(n) ii- 

(1) 

(Kl)al - 

( 2 ) 

{<!) .1- 

(?) 

Claystones 

slates 

Freah 

water 

80 dl- 

ments 

7 lum 

Loam 

( Q.l t KD.I - 

(M 

(Q.l +V.I ^-KOal - 

( 6 ) 

(V. 1 +Kl)al — 

(6) 

Loam shales 

Loam slates 

Col- 

luv- 

Sand 

(banks) 

(9. 1 )col- 

( 7 ) 

( Q.UV.I)col- 

( 8 ) 

(V.l)col- 

( 9 ) 

Sandstones, Itiffa- 
coous sandstones, 
Sandy tuffs 


lum 

Gra7el 

(banks) 

(Q.Dcol — 

(10) 

(Q. 2 +V .2 ) col- 

(11) 

(v.2) col — 

(12) 

Conglomerates 

Breccias 



Calca- 

reous 

(K.I+KDtl - 

( K. UKI )al — 

(K.I+KI)al — 

Clay marls 



clay. 

Marly 

(15) 

(i*t) 

(15) 

Marly claystones 


Allu- 

clay 





Mar- 

7 lum 

Calca- 

reous 

loam. 

Marly 

loam 

(K. I+Q. 1 +KI )•! ~ 

(16) 

( r . 1 + Q . 1 + V . 1 +K 1 ) • 1 — 

( 17 ) 

(K. I+V. 1 + Kl) ai- 
ds) 

■ . .. j 

Fine sandy marls 

Pine marine tuffs 

ine 

fiodl- 

ments 

Col- 

lU 7 - 

Calca- 

reous 

sand. 

Calcium 

carbo- 

nate 

sand 

(K . 1+ Q. 1) col — 

( 19 ) 

(K.l +Q.I tV.Dcol — 

( 20 ) 

1 

( « . 1+ V . 1 ) CO 1 — 

( 21 ) 

Limestones, calca- 
reous sandstones, 
Sandy marine tuffs 


ium 

Calcar- 

re one 

graTel. 

Llmo- 

8 tone 
graTel 

(K.2+9.2) col- 

( 22 ) 

(l (.2 +Q .2 +V. 2 )col — 

(25) 

(K .2 +V. 2 )col- 

(210 

Marine 

conglomerates 


It must be kept clearly In mind 
that in the first Instance the synopsis 
(Table 55 # above) deals with primary sedi- 
ments. But also secondary sediments are 
possible. Thus, if the primary sediments 
harden to rocks (see the last column), and 
if these sedimentary rocks through subse- 
quent folding or elevation come into such 
^ position that they are exposed to veath- 
®^*ing and erosion, then they serve as the 
source from which new, now secondary sedi- 
f^ents can arise. Think for example, of 
the obviously pure terrestrial sediments 
Qf Rembang, Demak, and Madoera, among the 
constituents of which are sometimes many 


clearly recognizable fossils. These sedi- 
ments could be placed with the marine cal- 
careous ones. But then as such they would 
be secondary. In such cases the pedologist 
must choose, and he will be governed by 
what predominates in the character of the 
soil. As a rule the lime and the clay are 
the constituents which will especially 
turn the scale. 

For there are clays and clays; 
both (1) and (15) of the above synopsis, 
as well as (5) and (15) differ in the na- 
ture of the clay. Mention of this has 
already been made on pages 130 and l 84 . 

And possibly (l 3 ) and (15) may have become 
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hardened to clay maria and these later 
again aa mountains may become disintegrated 
by freah rain water to clay and removed by 
flowing water. Aa long aa there remains 
any free lime in the clay it will retain 
such a character ( saturation by baaea and 
flocculation) that even though it ia a ter- 
restrial or freah water sediment the sec- 
ondary deposit falls better under (l.3) or 
(13) than under (l) or (3) • 

¥e can go atlll farther. It is 
possible that a purely terrestrial sediment 
can originate from erosion products of 
He.nvv.3 weathering, ao that the latter 
poaaeaaea a large amount of calcium car- 
bonate. Then it ia possible that even 
though the constituents have never been in 
sea water, such a sediment is better placed 
with the lower 12, than with the upper 12. 
But In the Netherlands Indies these are 
still quite exceptional cases. 

In the heading of Table 33 > mention 
has been made of the non-colloidal part of 
the deposits as contrasted with the col- 
loidal, which as we know from the preceding 
chapters, is a product of autochthonous 
weathering. From this we also know that, 
for example. Nos. (l) and (3) will be dif- 
ferent; (3) will be much richer in iron. I 
Here however, since it appears inexpedient i 
in a general scheme to differentiate too 
far, (1) and (3) are both designated by I 
(Kl.al)- In especial cases one may know 
precisely with what he Is dealing. For 
example, a certain valley is surrounded by 
nothing but andesitic volcanoes, which are 
covered with a soil: V.b. --He.HH.ae (3-H)- 
As the result of many heavy rains this soil 
continually erodes off to give a sedimen- 
tary deposit in a large plain (parent ma- 
terial) and it may be called Kl.(al). But 
it may also bo called V . b -- He . MH . ae (3-H ) 
a). One familiar with the subject would 
understand immediately that we refer to 
brown to reddish brown silt, without any 
quartz sand. 

Sometimes, as for example in New 
Guinea, if one comes across a clay allu- 
vium, about which nothing else is known 
than that a large river conveyed it from 
the mountains which lie behind, which are 
not adequately known as to formations and 
rocks, and about which one certainly does 
not know how much each contributes to the 
whole which is deposited as clay; then the 
naming cannot be carried farther than 


(KL)al--and the final working out must be 
left to the future. 


* * * * * 


So much about the sediments as ne 
parent material; now something about tiur; 
weathering and the soils formed from the:’ 

By far the greater portion of the 
lands lie in the warm, hot lowland: He. 
Obviously, also, by and large, the finer 
grained the sediments, the farther down 1 
rivers they are carried. While the collu 
via are especially exposed to subaerial 
conditions of weathering, the alluvia as 
rule remain under subaqueous, or at least 
under amphibian conditions. Consequently 
for the colluvia the often-occurring forr, 
is ae> and for the alluvia am or 

Wtiethor for the latter the influ- 
ences will be more am or aq Is most oft', r. 
a question of climate, Wliere a quite 
strong dry monsoon i.Tevalls, there is a 
good opportunity for the severe drying uu 
of the soil, which in the rainy season iiH 
water flowing over it or even is submorg'' 
for a considerable time. Wliere there n^v 
is a dry season, the conditions will b(; 
continuously ot‘ one sort, namely the t.er 
rain stands continuously under water. T.. 
alluvia are as a rule difficultly peri:u - 
able, thus the most (“requently occurrlny 
combinations are: he.nn.aq and He.nvv.am 
But. colluvia can also occur dir"' 
ly under am or aq conditions; and alluv’;: 
directly under ae conditions. The lalt'-r 
is most often the result of important ui. - 
terations in the flow of the river, su..’;i 
a lowering of the mouth, in consequenc" 
which the bed cuts down and lies deeper, 
and a previously overflowed plain becop:": 
dry. But with such a change, however, ' 
whole picture is altered, and such alter' 
tions do not easily lend themselves to 
classification. In the soil doscr li'tlt.:: ' 
of the Netherlands Indies to follow inter 
we will come across various important oa- 
amples . 


« 

The comparison of the allnchtl e 
soil forms, originating from sediments, 
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those which we called autochthonous, 
jinmedlately brings out this great differ- 
ence, namely that from the beglnnin^^ the 
former are fit to carry vegetation . Con- 
sequently such a soil has a feature which, 
at least with deposits from a more or less 
stationary river, was lacking in the first 
stage; that is, a clear profile formation, 
pot us clearly understand what this means; 
not that In a thick layer of alluvium finer 
and coarser layers do not alternate with 
each other, but that there are horizons to 
be differentiated which signify something 
different, such as 0, oE, E, h, 0, P, 

(aee page 12l) . In the beginning all of 
the sediment is D; or under some circum- 
atances even oD, because of the simultane- 
ous deposit of organic matter. Gradually 
In the def)Oslt there will dovolo}’ a differ- 
entiated ])roflle. But then wo are again 
dealing with an autochthonous soil forma- 
1, Ion, regarding which the reader is re- 
ferred to earlier sections ( If they relate 
to pure fresh water deposits, to pages 
l'i2-172 and in so far as they (!oncern cal- 
careous, secondary sediments from marine’ 
sedimentary rocks, to pages 1' P-l'i'o) • 
However, as soon as one cemes 
within the Influence? of the sea the i.ro- 
flle becomes different. Under suen condi- 
tions many times upon a subsoil deposited 
in a lagoon or bay, thus as i-mirlne clay, 
t.lu're may be found higher layers whicli have? 
beeii deposited by water wiilch iias gradually; 
become fresh as has been tlie? case with | 
fresh water clay. So it is i. osslble' tnat 
III the greenish, flocculated and tiius rela- 
tively loose marine.’ clay at. ar ' r ;’X Imat.eM y 
1 m. depth there occurs a pH of nearly 
while in the solid. Impervious river clay 
above it the pH falls to helow h, and even 
feat formation may originate above that. 

At a depth then, say of 1 t.o D elm., lies 
the horizon where tlie iron oxide prf?cl; i- 
tates as a layer of concre-'t I ons (see 
Frontispiece b). In tracts with a strong 
cast monsoon, coupled with drying out .and 
cracking of the surface soil, liice concre- 
tions develop still deeper in the profile. 
These concretions come from lime farther 
Town in the profile. This profile develop- 
‘■'cnb can be observed esipecially well where 
gradual regression of tlie sea is 


occurring. Thus where the land gradually 
comes to lie a little higher such as, for 
example, is apparently the case in various 
places along Java's north coast. 

DEPOSITS FROM THE AIR 

Especially after a prolonged 
residence In East Java ( 19^0-1931 ) and a 
.journey amongst the Smaller Soenda Islands, 
and certainly when having In mind the con- 
ditions in the entire Netherlands Indies, 

I cannot, now entirely maintain my earlier 
position, ' that on Java wind deposits 
play only a very unimportant role. 

It Is true that in the continuously 
wet tracts of West Java, Sumatra, Borneo, 
etc. the wind does not get much opportunity 
to .get soil particles to move and to become 
suspended In the air, i)art Icularly since 
vegetation still protects the land. But 
where a brisk east monsoon kills the vege- 
tation or at least the leafy canopy and 
also dries out the soil, the effects of 
wind transi'ortation must not be under- 
estimated . 

For example, on Northeastern 
Soeml.'a t.here is a very scanty soil cover 
on the rare 1 lines t.one and marls. And the 
fl(;rce continuous trade wind is the ex- 
planation: it has blown all the loose soil 
awa.v . 

Alsc here we can make a distinction 
as retw'een " air colluvium '’ vand " air allu - 
vl-.m:," fur close to the soil when the wind 
TTTlowIng one can see the coarser particles 
of ti'.e size of sand grains skipping and 
jumplnm along. This Is In a similar man- 
jier as the sand from* thv beaches of Holland 
rolls against the edge of the dune and hops 
up and over the crest, so that at last it 
coises to lie on the lee side, out of the 
wind. On Soe.mba the coarser material comes 
to rest on flat land in the valleys between 
llie ridges, which in the wet season are ap- 
r.arenllv river beds, or at least soil 
levelled off by water. It was remarkable 
to obsorve, iiow, In July as the result of 
oorhaps months of wind action there had 
collected betwa.'on the dried maize stalks 
on the darker soil a distinct grayish 
white thin layer of "air colluvium." The 
I’lnoT dust, "air al luvlur;: " had however not 


^Moat recently in: B. C. J. Mohr: IVoplcal aoll forating proceaaea with apeclal reference to Java and 
Simatra (translated by Robert L. Pendleton), National Geological Survey (Peiping, China: 19J3), 

P. 91. 
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been deposited there, but had been carried 
cu, far away, Into regions where heavy 
rains brought It down from the hazy air. 

How does this loose material which 
the wind carries away originate? — Through 
drying out sand grains are loosened. Dust 
and clay are loosened by the drying out 
and the development of great numbers of 
the most extremely fine cracks In conse- 
quence of the shrinking of the colloids. 

A slope which exhibits "dry wash" (see 
page l4l), also becomes a prey of the dry 
wind. In addition, all forward moving 
rolling and hopping sand grains exert a 
grinding and scouring action just as does 
the sand from the so-called sand blast, so 
that projecting points of llm.estone or 
other rocks are reduced and worn away. In 
short--certalnly without forgetting the ash 
eruptions of the volcanoes, there are ways 
enough for the wind to obtain Its material. 

In Europe and North America there 
have been carried out numerous measurements 
and weighings of the quantities of dust 
falling In a definite time on a definite 
surface. In many cases It amounts to only 
a few tenths of a mm. for one single dry 
storm or during a month or a year. Now, 
for example, I/2 mm. In a year Is not much, 
but for 1,000 years It amounts to I/2 m.; 


sufficient to give to a soil an entirely 
different character. In the regional 
description of the soils, examples of thi’ 
nature will frequently have to be discus y'-i. 

In the course of a long time thron^.}i 
the action of the wind, many autochthonoii;; 
soils will be considerably blown out. Thit 
Is, they will be robbed of their fine cor;- 
stltuents valuable for vegetation. Other 
autochthonous forms of soli will receive 
additions of soil constituents. River dr- 
posits show constituents which cannot be 
Identified in any of the rocks of the en- 
tire drainage basin; constituents which 
have been carried In by the wind over tdv 
mountain summits. 

So where the wind sweeps over the 
soils It works continually upon all klnd^ 
of soils, forming and transforming them, 
sometimes making the explanation of the 
genesis of a certain soil extremely diffi- 
cult. This is realized particularly If 
one finds vegetable or animal remains sue:: 
as sponge needles, or 3 111c Lous skeletor.a 
In the soil. How great the dangers of » 
wrong diagnosis may be, will appear frem 
the regional soil descriptions. 




l46. E, E. Free, The movement of soil material by the wind, U. S. Dept. Agr. Bur. Soil Bull., 68 (19^^ 
to which 1 q appended an exhaufltlve survey of the literature. 
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PART M 


BALI, LOMBOK, SOEMBAWA, FLORES, 
SOEMBA, TIMOR, NETHERLAMDS HEM GUINEA 


INTRODUCTION j 

In connection with the "Foreword," 
In prefacing the "Regional Description 
of the Solis'* which follows we might here 
add a few words as to why, contrary to 
what one might expect, we have not begun 
with the most Important Islands of the 
Archipelago but have given preference to 
another order; 

Regarding the soils of Java and 
Sumatra there has already been published 
"something of a general nature," but thus 
far nothing at all regarding the soils of 
the other Islands. It Is true that In the 
course of time several publications have 
appeared In which something has been said 
regarding the soils of certain localities 
but the Information about the soils was 
always quite Incidental. Besides, these 
comments taken altogether did not In any 
sense give one much knowledge of the 
Archipelago from the pedologlcal vlewrolnt. 

As regards the parent materials, 
the Islands of "the Great East" exhibit 
a considerable diversity, which Is In many 
respects In great contrast with the rela- 
tive uniformity of parent rocks of Sumatra 
and particularly of Java. 

Concerning the climate. In con- 
trast to the rainy western and northern 
parts of the Archipelago, the relatively 
driest part Is In the southeast, In con- 
nection with which In that region special 
types of soil may be expected. 

So It was interesting for me when 
at the commencement of 19pl during my 
temporary stay In Pasoeroean, the Colonial 
Institute commissioned me to make anotlier 
3tudy tour for the benefit of this book; 
this was Indeed an agreeable task. For 
this tour I chose those parts of the 
Archipelago which were exi^ected to show 
divergencies from the usual conditions oi 
Java and Sumatra, and- which should exhibit 
extremes in certain directions. Thus the 


choice fell upon the smaller Soenda Islands 
and Celebes . 

In tne publication of the observa- 
tions and Impressions gathered In the 
course of this travel, It was obviously 
necessary to give precedence to those of 
the eastern Islands. Moreover shortly 
before, on Sumatra as well as on Java, sci- 
entific soil surveys had been made and 
there existed the well-founded hope that 
use could be made of publications along 
this line In writing this book; hence an- 
other reason for treating Java and Sumatra 
last. As' it turned out, however, researches 
In the field were stopped, budgets and per- 
sonnel considerably cut down, and publica- 
tions curtailed or abolished. Consequently 
in 3 {-lte of the best intentions all but a 
few of the i:*romlse3, so willingly given to 
mo In 19;5'1, to send on reports, photographs, 
samples, etc., from the Netherlands Indies, 
could not be keyd . 


Hence this "Regional Description" 
has been commenced with Ball and Lombok; 
thereafter follow Soembawa and Flores, 
Soemba and Timor. Then, New Guinea Is con- 
sidered because of the Interest which It 
has from the standpoint of colonization. 
This Is followed by Halmahera, Celebes, 
Borneo, Billiton, and Bangka. This order 
follows a circuit which Is finally com- 
pleted via Sumatra to Java. 

It Is true that numberless smaller 
and less imyortant Islands are still 
omitted. In justification of this It may 
be said that regarding the soils of these 
Islands there Is practically so little 
known that even today we cannot give any 
description of them. When the reader will 
have seen from the following pages how 
start ingly little we know even now of the 
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soils of various of the larger Islands, he 
will without doubt excuse neglecting those 
smaller islands. 


■» 


BALI 

Soil-Forming Rocks 

The rocks which have contributed 
to the formation of the soils of Ball can 
be described very simply. On the geologic 
map^ almost the entire Island shows the 
color of "volcanic." In addition there are 
a number of plains --in the north three 
small ones along the sea, in the south one 
large one running from the west eastward 
along almost the whole mountain land, sepa- 
rately colored, as "Quaternary" but for all 
that the material is still "volcanic" in 
origin. Only the Prapatoedjoeng in the 
west -northwest consists of, or at least 
carries superficially a crown of limestone. 
This is composed of elevated coral reefs. 
The southern peninsula, Tafelhoek, consists 
of limestone of apparently Tertiary age. 

The most important rocks are thus 
volcani c . They are all andesites and ba- 
salts. In addition however, there Is much 
dark pumic stone material^ which has come 
from Mt. Tabanan and Mt. Pengilingan, while 
Mt. Batoer in addition to augite-andesltes 
and feldspar-basalts produced rather 
glassy basalts, and black obsidian bombs 
as well as white, olivine-containing pum- 
ice stone tuff 3.^ Also in so far as can 
be traced, Mt. Agoeng consists of feldspar 
basalts and pyroxene andesites both with 
and without olivine. Amphlboles do not 
seem to occur extensively on Ball. 

In the course of an investigation 
in connection with the earthquake on Bali 
on the 213 1 January 1917 1 Kemmerllng'^ made 
vulcanological studies of Mt. Batoer and 
Mt. Agoeng, and among his conclusions were 
the following; 


Ist. about two-thirds of Mt. Batoer is 
of loose volcanic ejecta; while the 
southern one-third consists of lava. 

2nd. geologically the lava is younger 
than the efflata (fragmental 
ejecta) ; 

3rd. besides Mt, Batoer I and II there 
are also some large and more small 
volcanic craters on the floor of 
the big crater, which ejected 
efflata almost exclusively.^ 



Photo by J. Struub 

Fig. Near the Brantan lake, Ball. Road cut, 
through horizontal layers of fine efflata, in 
part of somewhat darker color. Upper center: 
weathering toward brown lixivium: V.b.l.— 
Wa.NNtae. (1-2)^ Layer 0 absent, oE present. 
Deeper layers more or less cemented (by SIO^) 
into tuff. 


1. H. A. Brouwer, Geol. overz. kaart N.-I. Arch., Blad XVII, in Jaarb. Mijnw. N. 0. I., 1915 Verb. 
ged, (1917). 

2. L. c. , Toellchting, p. 5^. 

3. Report of C. 0. 3. Sandberg, referred to by Brouwer, 1. c. , p. 40. 

4. 0. L. L. Kemmerllng, Jaarb. Mljnw. N. 0. I., 1917, Verb. I, pp. 1-77. 

5. L. c. , p. 57>- 




Photo by J. Straub 

Fig. ‘) 4 . A road cut down through a weathered basalt lava flow near 
the Brantan lake, Ball. Loose off lata eroded off from the basalt is 
now brown lixivium: V.b.2.— Wa.NN.ae. ( 1 - 2 ). 

The ^reat quantity of looso eP - 
flatas , to he found everywhere on Hall, 
points to intense, explosive volcanic ac- 
tivity In earlier times (see Fly. hp, 
page 19 ^)* The lava streams both many of 
earlier as well as those during iilstorlc 
times (1849, 1909, 1928) are basalts (see 
Fig. 94 above). Without explosions the 
streams flowed down tlie slopes of. among 
others, the pi^esent day Batoer volcano. 

Enormous Indeed must have been 
those quantities of loose ejecta for it 
is a fact that In the walls of the in- 
cised, sometimes canyon-llke, strea:'. 
valleys (see Fig. '/), page Idb) massive 
luffs many tens of meters tliick can be 
seen. These are composed of hard(?ned 
sand and fine ash efflata rather than of 
coarse material such as gravel and stones. 

For agriculture, and also for Balinese 
culture, this fact has been and Is of 
paramount significance. 

^"^Temraerllng, 1 . c. p. 5I, says: "We might with quite a good deal of certainty accept that the plain 
of s-outh Bair^eleta of solid volcanic brecclaa In the deeper gi’ound, but covered with Quaternary 
accretions, which can be estimated to have attained a thickness of lYom 100 to 200 meters, 
fh. E, Stehn, Vulkan. en Seism. Meded, No. 9 _ (Bandoeng, 19 ^ 8 ). 

Stehn, c. , p. 37. 


ava eruption 01 tne matoer 
1996 was the inducement for an exhaustive 
research^ by the Volcanological Survey, to 
which thanivs are due for a number of rock 
analyses which are Important for the study 
of the soll:'^ (See Table 96, page 197 *) 

It is not recorded whether these 
rocks were all water-free, or whether the 
analyses were calculated upon the water - 
free basis. 

It Is of Importance to remark that 
the phosphorus content Is strikingly low. 
Only In the pum i ce ston(^ is it somewhat 
higher, as is that: of the alkalies, while 
Fe, Ca and Mg are considerably lover, as 
was to be expected. Petrographlcally the 
lava feldspar appears to he rather toward 
tht' Ca-rich side. Even so, the K content 
remains favorable, namely around Ij^. 

Where glass is observed in the rocks, this 
is described as brown or dark brown glass; 
such glass weathers relatively rapidly. 
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Photo by Mohr 

Fig. 55- Canyonlike ravine In tuff, along the 
Rendang— Karangasem road, Southeastern Ball. 

There remains to be recorded that along 
the edge of the lava of 1926 there were 
numerous fumaroles^ some very hot, de- 
positing products of sublimation, con- 
sisting almost entirely of ammonium chlo- 
ride. This is an indication that the 
Balinese eruptlves possessed a perhaps 
not-to-be-underestimated quantity of com- 
bined nitrogen ^hlch during the weather- 
ing or endogene decomposition of the rock 
was liberated as ammonium chloride. Where 
this salt, dissolved in rain water, comes 
into contact with vegetation, it must cer- 
tainly act as an intensive nitrogen fer- 
tilizer. 


Climate 

The total annual rainfall in the 
lowlands, in the northern plains as well 
as in the great southern plain of Ball, ig 
between 1 and 2 meters. Above the 100 m. 
contour line the rainfall rises to above 
2 meters. Presumably there are places In 
the mountains where more than 3 m. of rain 
falls; but in those regions there are no 
meteorological stations which have figures 
for more than ten years of observations. 
Where these have already been collected, 
the averages of the annual rainfall are 
found to be between 1182 mm. (Slngaradja) 
and 2538 mm. (Poepoean) . Meanwhile the 
main point is the 

Distribution of the rainfall during 
the year on Bali (see Table 97, page I97): 

In considering these figures in 
connection with the soil we note the fol- 
lowing: The northern’ coastal plains are 
analogous to those of East Java; they have 
a distinct but not long rainy period of 
about 4 months, and a, marked dry season of 
about half a year. Slngaradja is a good 
example of this: from May to November only 
with exceptional showers can rainwater from 
the surface pass downwards through the 
soil, (in this the lowland rice fields 
(paddles) irrigated with water from the 
higher tracts, are of course not Included.) 

The northern lower slopes of the 
volcanoes cannot carry any closed rain 
forest, at most only a park landscape (see 
Figs. 96, 97, page 198). That is, grassy 
plains with here and there a tree, since 
the soil cannot hold sufficient water to 
provide during a half year a closed forest 
with water. 

Of course this applies especially 
to the ridges running out into the low land 
which are the old lava streams and heavy 
lahars. In the ravines in between some 
seepage water is sure to come out from the 
ridges and from above, and this supplies 
the soil adequately so that along these 
valleys a green strip of forest stretches 
farther to the north. 

As one goes higher up on the slopes 
of the mountains in the rainy season more 
rain falls, and more rain penetrates into 


9. KeinmerlJng, 1. c ., pp. 51-36. 
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ANALYSES OF VOLCANIC EJECTA FROM BALI 




II 

III 

IV 

V 

VI 

VII 

VIII 


Lava of 1926 








Upper 

Lower 

Lapllll 

Ash of 

Lava of I905 

Lava of 1849 

Pumice stone 

Inclusions of 


course 

course 



at maroe of 

at 

from terrace 

pumice stone In 



Meneng 

1926 

1926 

Batoer 

Meneng 

of 

foamy scoria of 



Batoer 



village 

Batoer 

Klntamanl 

1926 

analyzed 

Van dor 

R. G. 

R. G. 

Van der 

R. G. 

R. G. 

R. G. 

R. G. 

by: 

Crun 

RETRER 

REIBER 

Grun 



REISER 

REIBFJ^ 

REIBER 

REIBER 

3102“ •• 

51. U 

51.50 

51.22 

51.46 

50.1*5 

55.68 

64 . 70 

62. ao 

Al203» • • 

20.15 

20.35 

20.18 

20.24 

20.66 

20.88 

15.60 

16.58 

FeO 

T.2T 

7.65 

IM 

7.46 

8.90 


2.13 

2,46 

Fe203 . . . . 

2.98 

3.11^ 

2.62 

2.59 

2.54 

3.27 

3.72 

4.62 

TlQj “ “ 

not det’d 

0.24 

0.15 

not det’ 

d 0.46 

0,44 

0.08 

0.10 

P205““ 

trace 

trace 

0.10 

trace 



trace 

0.20 

0.14 

MriO 

0.1^ 

0.30 

0.46 

0.48 

0.4B 

0.39 

0.24 

0.38 

CaO 

8.80 

8.46 

8.56 

8.82 

8.90 

8.47 

2.98 

3.70 

mo 

5.11 

4.91 

5.5^^ 

5.19 

5.27 

2.82 

2.24 

2.52 

hO 

1.06 

0.83 

1.16 

1.02 

0.58 

1.27 

2.79 

2.08 

NagO.... 

2.62 

2.76 

2.81 

2.70 

2.05 

3.07 

5.02 

4.25 

SO3 


— 

trace 

— 

— 

— 

trace 

trace 

Cl 











0.03 

0.02 

HjO 

— 

— 

— 

— 

— 

— 



99.61 

100. lu 

100,01 

99.96 

100.09 

99.97 

99.73 

99.65 


Table ^7 

DISTRIBUTION OF THE RAINFALL DURDIO THE YEAR OW BALI^ 


Locality 

Elevation 

above the 

sea In m. 

No. of 
years of 
obeerva- 

tlona 

Rainy 

days 

per 

year 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

\ 

Oct. 

Nov. 

Dec. 

Rainfall 

per year 

in 1B&. 

Buadd 

(wet) 

■ontha 

Arid 

(dry) 

montht 

Slr^riradjn. . . . 

40 

US 

31 


2H7 

211 

96 

56 

36 

16 

6 

i 

16 

70 

Ki 

1182 


6 

Moendoek . . . , 

700 

18 

156 

880 

m? 

381 

296 

166 

50 

25 

21 

32 

78 

2IH 

III 

2293 

7 

4 

fo^poean , 

about 800 

15 

156 

313 

liOi 

36H 

29H 

176 

66 

46 

40 \ 

39 

127 

291 

176 

2538 

8 

3 

, , , 

8 

47 

104 

22H 

190 

19H 

12H 

94 

93 

56 

77 

70 

159 

180 

216 

1678 

7 

1 

^abanan . 

130 

25 j 

122 

386 

296 

262 

151 

181 

109 

109 

183 

98 

226 

266 

366 

2553 ; 

11 

0 


40 

24 

89 

317 

2H6 

197 

78 

79 

59 

48 

65 

41 

118 

157 

812 

1717 , 

6 

3 


120 

la 

99 

265 

210 

187 

101 

lOH 

118 

117 

128 

69 

159 

176 

264 

1892 

II 

0 


85 

18 1 

88 

22H 

205 

m 

102 

129 

126 

119 

116 

73 

168 

162 

265 

1831 .| 

n 

0 


105 

22 

1 

77 

198 

21H 

162 

61 

74 

79 

46 

U 

36 

92 

74 

174 

12*^4 ! 

4 

1 

3 


^®Ln’aU figuraa, taken Tram Verb. No. ^ of the Kon. Magn. Mateor. Obs., Batavia, p. 208, funnln^i: through 1928, and 
‘^^rected with the data relating to 1929 and 1930, Flguree of later jeare wore not publlehod at this writing (193^). 
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Photo b/ Th. van dor Paardt 

Fig. %. Mt. Llngkor, Northwestom Ball, Typical natural pork land- 
Bcape. Here 5 "to 8 montlie drouglit per year. 



Photo "by Th. van der Paardt 

Fig. 57 . View of the volcanic mountain range along the north coast 
from the peninsula Tg. Goendoel, Northwestern Ball. Park landscape 
on dry, eroded-off slopes; forest on deeper soil lower down the slope. 
The higher mountain land beyond Is also well forested. 
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the soil. This water does the vegetation 
more good as the climate becomes cooler 
with the increased elevation. The trees 
now form groups, while still higher there 
Is even closed forest. Unfortunately, due 
to the deforestation by man there Is not 
now much forest left. Forest destruction 
has been especially serious In the central 
and eastern portions of the Island, In par- 
ticular on the northern and northeastern 
slopes of Mt. Batoer and Mt. Agoeng. In 
the west It Is somewhat better because ist, 
more west, monsoon rain falls there, and 
2nd because there Is less flat land and 
In conseciuencc the ;c^ulall-.jn Is less 
dense. Here the sloies are still quite 
well forested. 

Actually the sout'.ern .I'tln con- 
sists of two i-arts. The vest.orn ;.'irt In 
Negara extends to approximately vhert? the 
tilghway coming down from the north reaches 
It at Antosarl . Tlie other par* Is th.e 
eastern plal n- -bet ter calleri r.ne centra] 
s 0 u t. hern p a r t of Ball. 

Ne/*ara has Indeed ncd... ::.uci; rain, 
not even 1700 m., but ^'^ven In *:ne driest 
month about oO mm. I’al. Is. This iocallty 
does not seem to have a sroir; dry season, 
which reminds one of Ban jei.'vn,- ■ I (Java-. | 

Sinco Tabanan has much more rals: 'hetvtsen j 
Nogara and Tabanan tli''re are n.. raljil’all , 
observations), vitli n. t a slnrh- r-oniu , 
vltii an avera^n' materiall;; t’el.v :.'g m*'- . , ! 

ibis entire wost.ern j art : ay :e c'rsIJered ! 
os continuously thoiigh for * mat. :■ at ter j 
:-'dorately moist. Cental soil of I 
iois slain will not dry cat 'n-n., tneroueh- j 
O' • I 

Central Ball rises u: gradual!;. | 
iOGin the south toward th.e nortli. IB. nee 
■e: an ascending wind t ht3 s^Cilhoast l A^nscon 
'■'■ni first at Klcengkopn.r aTol Gianjar b.e 
'aadr-nately moist. Hieh.er u; , against tlie- 
•cos theas tern slcqses of tue Peak of Tahanan 
of Mt. Agoeng th.e Increase of isolsture 
'o.d consequently of tiu' ralr: mus^ be r ucii 
•■'-ea' marked. Wliile tiiore are ra Inf. 'ill 

•'■■'it Ions tc prove this, th.e great number 
rivers especially upon tbic s(ug,,:ieas * ern 
oh'ii os 1.S evidence enoug’n. Tills differ- 
Is exactly .'inalogous t.o that, cn Java 
r. I'lay be observed on the slo’pes of Smeroe 
Idjen. Lying to tiie west of Mt . Ta- 
’’■'"'■■‘■ 11 , henco In Mu; r'lln oh;uijw, Moer.dool; 


and Poepoean have. In s,olte of a total 
rainfall of 2247 and 2h86 mja., a sharp 
dry season, which however has a less marked 
effect upon the soil because of the greater 
elevation (hence the lower temT)erat ure ) , 

The southern point of Ball also has a dis- 
tinct dry period; as does the east at Ka- 
rang Asem. Evut no single place in south 
Ball has such a distinct drought as does 
the north coast. 

Little of the natural vegetation In 
sou til bail remains. This is because the 
dense- porulation and the intensive agrlcui- 
tur(i necess i tat.c' t’nat tne land be used 
el trier for lowland rice fields, or unirri- 
gated cultivation, or mastures. But if 
there had not been the dense :oi.ulatlon 
the fibres t would be covering r ract i cally 
all of soutnern Bali. Pernaps in the ex- 
treme south and east -i nu.mber of higher 
ridges and smaller steei mountains, how^ever, 
may still be covered with so.me little park 
landscape] But even sc no treeless savanna 
would be present. 


Ways in Vl'.lch Weatnerlng Occurs and 

tne Resulting Soil Tyi es 

Seeing ti:at neitiier *dic parent 
rocks, nor *.he temperature nor the distri- 
bution of tne rainfall u; on Bali exhibits 
any vecul I arit ics which have not already 
I'cen described in the general part --we can- 
not here on Hall ex; oct any new kinds of 
wr'Hti'.erlnc lor any new soil types. Even 
so, tiier*'^ is sufficient diversity to jus- 
tify a brief discussion. Ve can perhaps 
I'ost start out from the sketen iPlg. \0', 
l^age TOC:, adapted from the publication 
of Keruneril ng ‘ ^ already referred to above 
■and wiucb. for cur p-uri ose giv(‘s an ade- 
q u a ! ( ' V 1 V 0 f t tie s ub j e c t . 

The unconsolidated volcanic prod- 
ucts from Mt. Batoer tiave been ejerct.ed 
especially soutbves t wards . As a result of 
ttie east-sout:ieast wind a ; or* ion :.as been 
deposited against tiie Brat an and Tabanan 
mountains, and by ''.tie ra1:i water and through 
tt:e numerous rivers or I g 1 n.at I n* tt.ere it tias 
been oarricni so'.Biiward til'. lluit portion 
of tile ejecta wiilch was carried t'cyond the 
ridge was similarly carried into t;ie small 
northern coastal plain vVI ' . Ttie ash which 


bd Plato No. 1 belorpuln/i t.o Janrb. Mljnw., 1017, Vn'ii. le Gtai., — (in the atlas). 
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Fig. Topographic and Geologic Regions of Ball. (l) Looee volcanic ejecta 
predominate. (ll) The south Ball Plain of recent volcanic sediments. 

(ill) Principally lava and other, solid Igneous rocks. (IV) The older Sldemeng 
mountains. (V) The Bratan and Tabanan moui^talns. (VI, VII) Narrow coastal 
strips of recent sedimentc. (VIII) Volcanic mountains. of the DJembrana region, 
(n) Ltmsstone. (x) Limestone (?). — After Kennaerllng. 



Photo by Mohr 


59* Ravine along the road toward Batoerltl, 
where fine tuff for the aculptures of the temples^ 


Southern Bali, 
la quarried. 
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landed upon the western outer slopes of 
the Batoer volcano Itself was washed off 
toward the south. 

In this way the character of the 
tracts I and II has already been directly 
determined. It Is very juvenile soli ma- 
terial, more or less clearly layered, and 
only recently having started to weather 
via the subaerlal, continuous lixivium 
weathering toward brown sorts of soil the 
formula of which Is V.b.|.--(He to Wa).NN. 
ae (1-2). This Is the soil type which in 
East Java is frequently called "tarapan." 
But since in Ball the soil is yet very 
young the color Is often grayish brown, 
and the consistency Is very crumbly. In 
those places where for a long time no fresh 
ash has been washed over the soil, the 
color Is more brownish red, the consistency 
is more cohesive and heavier, though still 
as a whole very pervious; stage 2 - 3 . 

In the higher portions of region 
(l) the climate is pretty much without a 
dry period. In combination with the per- 
vious soil material this brings about a 
continuous, although moderate water move- 
ment from above. The consequences of this 
are l^t leaching out of the surface layers, 
and 2nd causing formation of tuff in the 
deeper soil. Here in Ball there is much 
Ubb- There is both coarse tuff (conglom- 
erate), and also much fine tuff . The lat- 
ter is the very much sought, after and much 
used raw material for the abundant archi- 
tectural sculpture of Bali (see Fig. ^ 
page 200). Nature favors the artist vitli 
the relatively soft tuff and through the 
rapid weathering she keevs the construc- 
tion work going, which then must again be 
repaired, and so keeps alive the art of 
this people. If Ball possessed no more 
suitable material than does Palembang or 
<^ontianak, the Balinese would presumably 
cc no more sculptors than are t'no Inlrabi- 
t'Oits of Palembang or Dajak. 

The tuff is exposed and lienco 
Ly quarried by the natives in the 
rp/or valleys everywhere. Most of tliese 
canyon-like ravines, which later slow- 
J viden themselves as the banks break 
following under-cutting by streams. 

The farther south one goes (ll), 
drier the climate, the more the weath- 
form shifts from that of continuous 
J^ciUng into that of intermittent leach- 
While this leads to a similar 


soil type as does the first weathering type 
mentioned, the process is somewhat slower. 

Still more southerly, particularly 
along the coast, occur lowlying bodies of 
soil where the subaerial weathering (te) 
is replaced by the subaqueous (•q). Here 
the soil is gray, dark, and humous. When 
this soil is dried out it Is gray with 
deep cracks; gray because of the much 
still-unweathered ash in it, cracked on 
account of the clay which is already in it. 
As a result of the subaqueous weathering 
it has been robbed of its Iron and hence 
it is very plastic and heavy. The area of 
this soil Is small; and since it Is not yet 
free from salt, the only vegetatlc i that it 
supports is mangroves and other plants 
which can tolerate salt. 

In between these two bodies of 
soil, one with subaerlal and the other 
with subaqueous weathering, there is some- 
times found a very narrow strip with am- 
phibious weathering (am). The greatest 
proportion of this, however, is found In 
Mie rice paddles, which sin^e times im- 
memorial have been cultivated in the same 
vay. But since the soil of these paddles 
is in no sense rich in clay and impervious, 
this weathering for.m is not distinct. The 
water which is used on them to a groat ex- 
tent still sinks in, taking exvi^en do’WTi 
I with, it in solution. As a consequence 
I thiore is no definite periodically air-free 
I or oxygen-free condition in this soil. 

I Only on trie most weathered, heaviest parts 
can tnere he observed on the fractures of 
the Mg Mods of earth the well kno^Ti 
brcvai veins and flecks indicating that 
during tr.e previous rice growing season 
the iron !iad been movable, dissolved. This 
condition is observed only when the paddies 
are dry . 

In tra-,^t (III^ on the sketch map 
(Fig. gS, page 200 ) further weathered soil 
(stage 2-3' is found on more solid rock. 

At least "his is the case where continu- 
ously adequate rain falls, thus on the 
iilgher mountain slopes. But even there 
the soil is not hrllllant red. It is not 
senile for ash-falls have now and then re- 
juvenated the soil, giving it a grayish 
cast. Especially the sediments in the 
valleys are more grayish brown. 

More around the point toward the 
north, in the wind shadow, the more pro- 
nounced dry monsoon joins more strongly in 
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Photo by Mohr 

Fig. 60. Looking eastward from the Rendang— KLoengkoong road, 
Southeastern Ball. — In the foreground reddish brown lixivium In a 
more humid climate. In the distance; Sldemong mountain range, on 
the lower and drier parts (to the right) is also black earth. ‘ (See 
Fig. 38.) 


the chorus. Here leaching becomes less 
and less, while In the short rainy period 
sheet erosion becomes dominant. Upon the 
slopes the result Is a shallow grayish 
soil, granular, crumbling. Because of 
lack of water this soil carries little 
vegetation, at least In the lowest part 
along the northeast coast. 

There Is not much of any plain 
along the north coast but along this coast, 
with more water retained in the material 
eroded from the slopes, the vegetation 
does grow well. The soil seems to be 
fruitful enough, If there Is water (see 
Pig. 60 above). The amount of the vegeta- 
tion Is at least In proportion to the rain- 
fall. This is much more the case as one 
goes around the north toward the west where 
the wet monsoon from the northwest to west 
ascends the mountain slopes. That is 
against the north and northweatern slopes 
of Mt. Panoellsan and Mt. Tjatoer. So here 
are much thicker forests higher up than on 
the eastern slope of Mt. Batoer and the 


northeastern slope of Mt. Agoeng. All the 
rain water which the soils above cannot 
absorb sometimes comes downward with great 
violence Into the plain (vi). This plain 
would profit much more from the run-off 
from above If the lower slopes were not 
already so extensively deforested and 
brought under cultivation. During the 
long Intensive dry season (see rainfall 
figures for Slngaradja) It would be of 
Inestimable value for the low land If the 
rivers still continued to carry some water 
and If the springs also supplied rabre water. 

The weathering form is here Inter- 
mittent leaching, resulting In the gradual 
forming of reddish brown lixivium. Whereaa 
on the somewhat older Mt. Tjatoer this 
form has already changed Into a more ad- 
vanced stage. Everywhere Is the usual red- 
dish brown land, used as paddles or ip^land 
fields. As far as the climate Is con- 
cerned, black soli might also be expected 
on the lover ridges. But relatively acid 
erupt Ives In the form of pale ash are 



BALI: MOUNTAIN SOILS AND LANDSLIDES 


205 


sought for In vain, and hence the black 
soil Is likewise lacking. 

However, Indications In the direc- 
tion of black soil development are mean- 
while found In the environs of Karang Asem, 
that Is, on the foot of the southern exten- 
sions of the older and perhaps also some- 
what more acid mountains of Sldemeng (iv). 
In the more continuously moist back coun- 
try of these mountains, hence more to the 
north, along the road from Karang Asem to- 
ward Rendeng, the soil Is again the cus- 
tomary browiilsh red lixivium (see Fig. ‘/t, 
[cige 196 and Fig. 60, page 202 ). 

High In the mountains (in III, I, 
and V) the climate Is of course much 
cooler, so that here the humus lasts much 
longer and in the old forest, this colors 
the surface soil Intensively brownish 
black. But where the forest has vanished 
this humous surface soil has everywhere 
washed off speedily, so that the j.resont 
surface sell Is a paU^r, brownish yellow. 

Tlie volcanic mountains of ♦he 
D j embr ana sec t, 1 on 1 n t lie west { V 1 1 1 ' are 
older than the volcanoes in the east.. As 
a consequence we may also expect, further 
weathered and less juvenile soils. And In 
so far as In the course of time the soil 
;:‘i 3 not wasned off or has not slid off en 
oasse this Is Indeed tlio case. For tills 
ioi’allty Is very ru)'g('d. Deeply cut^ val- 
leys run betwcnui steep slopes, and of 
yl'iteaus there !s now not much left Isee 
Flp. , 1 age 193, in the lef: dlst.anco'. 

But at the same time this 1 art 0 :' 
B.'tll has not ta’cii undisturbed volcanical- 
ly. It was apparently repeatedly blessed 
Wi t,h rains of ashes from tfie surrounding 
volcanoes. Wliether they were only tr.ose 
the more easterly | art of Ball or also 
tiiose of the Id Jen mountains of dava Is 
^htricult to make out at present. From 
already steey^ly standing sloc'es m.ucli 
'hhi rained downward. This formed, In the 
‘ 0 viands, the i lalns of Dj embr ana and 
Necara (VIl). Yet much ash remained bt'- 
*bnd In the forest on the miountalns whicli 
^'hoivenated the soli there. And If they 
not so steep those mountain slopes 
’'"'ould be a beautiful soil for cultivation, 
an eye to the plain, It. would now be 

d. L. L. Kbmmorllrig, Do nardbovlng vaji Bali op. 
Verb. lo God., pp. I-bO. 


better to leave the slopes intact. And 
since fortunately few people have settled 
on these slopes. It would be wise to pro- 
hibit any new land being taken up for set- 
tlement. For then there might certainly 
be a serious fall In the value of the 
above-mentioned small strip of low plain 
which at present Is valued highly because 
of the extraordinarily high production of 
rice. With deforestation of the mountains 
the rivers certainly would become much 
richer In silt and sand through the ero- 
sion of the surface soil of the higher re- 
gions. And at the same time the losses 
would becomxe irregular, as upon the north 
coast, and In that evil hour they would 
see that they had killed the goose which 
laid the golden egg. 

This consideration of tne soil 
types, for the great part originatiry* from 
efflatas of the volcanoes, ought not to be 
brought to a close w^lthout a few words de- 
voted to the pile none non very certainly Im- 
portant for Ball, the landslides and 

the earth falls In certain Iccaliiies, as 
a consequence of t.he eart biouakes . In I, his 
connection Kemmerling^^ has said with er.- 
p.hasls: ''In an area ol’ about cm C square km 
j (about 1/9 of the area of the is j. and' 

I hai‘dly a si’tgle bit of mrourid nas remained 
i Ir: its own "in all ravines 

i along ail s lopos . . . . the masses of eartn 
i slid downward" ^s-e Fiv. ml, ; age 2 C-t ; . 

I A:td Kemmerling wrote so empnarlcally after 
! only one earlnguane , which was of but brie 
i duration. It Is true ♦hat such earthquake 
I do not occur every day, yet in tne course 
of ages, In the time necessary for vclcani 
asli to chance into a virile or even a sen- 
ile soil, they w’ould cert alnly occur at 
least a few tines. In other w’ords *:h.e sur 
fact' sell vipon slopes l:as not had time and 
opportunity to wea^ uer cut to senility. 
Before that comes abou", t::e soil is again 
deiosited in a ravine, *:.hrougn wnloh a 
river flows, which dl s I egrates it and 
carries it away as sil^ and sarui to lower 
local ions . 

This might explain way, In places 
built up of loose efflata orlglnahlp ; er- 
liat'S from ■ 0 to as much as ICO utd : ore 
thick, tlie arable soil lo so tain. It the 

21 Jauutun 1017, Jaarb. Hljuv. M. 0. I., , 
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Photo "by Kemmerllng 

Fig. 61. Environs of Kbeta Dalem. Central Ball.—The landslide 
after the earthqualce of 21st January 191? shove that the whole ridge 
consists of loose efflata only slightly cemented to tuff. 


places lie in regions exposed to repeated 
severe earthquakes. The conclusion need 
not necessarily be entirely correct that 
since slightly weathered efflatas He so 
close to or right at the surface, the 
eruption from which they originated must 
have taken place only just recently. It 
la quite possible that the present day 
surface layer Is not the 1^ nor the 2nd 
but Is already the n^ since the original 
eruption. 

In conclusion a few words regard- 
ing the soil of the limestone tracts II 
and X, Tafelhoek, the southern peninsula, 
has without doubt--(lt has no rainfall 
stations) --a relatively dry climate, since 
it la only 200 m. high. Van Roon^^ writes 
among other things "in the east monsoon an 
utter lack of drinking water prevails on 
the peninsula. .. .the impression which this 
part of Ball makes la not particularly 
favorable but yet still somewhat less un- 
favorable than that of Noesa Penlda, which 
especially In the east monsoon offers a 
moat barren appearance. The only fresh 
water well la that of Tojapakeh on the 


coast. In the Interior water Is entirely 
lacking . " 

The soli on the limestone Is also 
not thick. Everywhere the angular lime- 
stone points project up through It. It is 
a chocolate brown soil. Presumably the 
materials mixed with the limestone have 
been: l^t a little sea silt, which makes 
the soil heavy, after the washing out of 
the limestone; and 2 nd some ash from the 
volcanoes (perhaps as a result of the 
direction of the prevailing wind, more 
from Raoen on Java, than from the Balinese 
volcanoes). This may explain the soli's 
red color and a certain fruitfulness of 
the scant vegetation, even though It Is 
suffering from a lack of water on the 
Tafelhoek. 

The limestone is however a porous 
rock, which takes up superfluous rainwater 
In the rainy season and allows It to pene- 
trate deeply. Hence there Is certainly no 
chance for alternating weathering which 
should be able to form black soil. Perhaps 
there is a certain amount of dollne forma- 
tion, although It Is not very distinct. On 

(1915), p. 8i*7. 


13 • J. J« Van Roon, Jaarl). Topogr. Dlenst N. yj 
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the highest plateau are a couple of de- 
pressions where water collects. 

According to Brouwer^ the west 
northwest point of Ball (x), Mt. Prapata- 
goeng, consists of "recently elevated reef 
limestone"; Van Roon^^ considers it "not 
improbable that Mt. Prapatagoeng is an 
extinct crater." 

Perhaps it Is a volcanic core with 
a mantle of limestone. The mountain has 
been only seldom visited by researchers, 
and still less Investigated pedologlcally . 
In any case the surface soil Is without 
doubt rich In volcanic ash. 


Evaluation and Utilization 
of the Soil 

From the viewpoint of agricultural 
evaluation the plain of south Ball Is with- 
out doubt the best of the whole Island, 
physically the soil Is good, but It Is 
still so juvenile that In general It Is 
very pervious and for lowland rice culture 
needs quite a good deal of water. It Is 
particularly In this land of not overly 
r.uch rain that the water Is apt to fall to 
a nlnlmum. This has forced the Inhabitants 
to make great efforts to establish means of 
carefully conserving the water, and It Is 
thus not accidental that they have devel- 
oped their methods of irrigation to such a 
relatively high level. 

Adequate Irrigation water signifies 
a certainty of harvest. Yet the irrigation 
in a land as this which is analogous to the 
great stretches of tiie Principalities 
andtheKloet deposits, etc. (of Java), 
places particular requirements upon the 
land. If one asks himself as to what can 
lacking In such a beautiful land as 
this?--then It may be recalled that. In 
addition to water, organic matter, nitro- 
gen, and phosphoric acid can also be nec- 
essary. The very juvenile soil types of 
tracts I and II of the sketch nap (Fig. 
page 200) have perhaps never, certain- 
ly not in the last few centuries, had the 


opportunity to cover themselves with heavy 
forest (see Fig. 62, page 206) and to form 
a strongly humous soil. There Is every 
climatological reason for one to believe 
that the lower the elevation, the less 
humus there Is. And then It must be kept 
In mind that the lower the elevation, the 
more population there is and apparently 
always has been. So also for this reason 
there has not been much opportunity for an 
Increase of humus. Hence humus may be at 
a minimum, as well as water. 

As was already recorded on page 196, 
It Is remarkable that the rock magma 
apparently sometimes had a nitrogen con- 
tent not to be Ignored. After the erup- 
tions, this nitrogen was liberated in the 
form of ammonia or ammonium chloride, but 
In what degree that is the case. Is not 
known. The rock analyses^® give the amount 
of 3 and Cl, but not of N. Nor as far as 
I know have there ever been carried out 
definite Investigations of the ammonia N 
content of water flowing from very recent 
efflatas. And If there have been deter- 
minations of ammonia N In the irrigation 
water from localities of this sort, there 
has never been a differentiation of this 
ammonla-N Into N from endogenous origin 
(from the magma) and from exogenous origin 
(coming from the atmosphere, whether via 
the mountain vegetation or not). For sim- 
plicity, that content Is always ascribed 
to the latter origin. Nor do the published 
Investigations made in the course of the 
provision of drinking water^*^ deal with 
waters whlcii are definitely known tc 
originate exclusively from fresh ash. At 
least nothing Is mentioned about this. 
Perhaps In the future there will be an 
opportunity to carry out researches In the 
direction referred to here. Meanwhile In 
practice It Is quite apparent that the 
nitrogen content of the Ball soils In gen- 
eral Is rather on the lover than on the 
hilgher side. 

Hence green manuring , which in- 
creases both the humus and the nitrogen 
content of the soil, is therefore the 


H. A. Brouvor, Janrb. Mljnw. N. 0. ^ Verb. Dl., II,— 

Van Roon, l.c. , p. 229. 

Soe page 197. 

Jaarverel, Proefet. v. Watorzuiv. Manggarai, 1929 and following years. 

Dept, L. N. H., Voral. Afd. Lb. (1928), p. h02: In the imlj'rlgnted lands on the elopos of the Brant^in, 
the Batoer complex and on Mt. Agoeng In South Ball, sludged accordli\g to the color and In the stand 
of tha "gogo/* a deflcloncy In nitrogen la evident. 
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Photo hy StrauV 

Fig. 62. Between Banll and Klntamanl, Central Ball. The treelees 
’’high dry soil," from which every second year a poor upland rlco or 
sweet potato harvest Is obtained. After green manuring once, the 
Increase of production is 50 to 100 (Straub) 

means for increasing the fertility of these ripening of the seeds, are worked Into tiie 
juvenile, mineral soil types of Bali . It soil. According to the statement of the 

is Interesting in this connection that J. motives of the Balinese farmers, this is 

Straub, the agricultural adviser, has necessary in order to obtain a decent crop 

stated^® that the Balinese by the empirl- of maize. 

cal route have already since times im- However, as is often the case with 

memorial practiced green manuring. Not empirically found rules without adequate 

alone on lowland rice fields, but also on conception of the rea3on--in practice li- 
the unirrlgable upland fields where they vergencles frequently occur. Especially, 

raise maize, they plant as the intercrop if the rice and maize harvest has been 

Cajanas cajan (pigeon pea) (see Pig. 63, small, whether because of the (nitrogen) 

page 207 ) . Perhaps one will now say that poverty of the soil, or from meteorologiculL 
they do this for the peas ' which are used or other Influences, many sweet potatoes 
as a protein-containing food. This might are planted on Ball, a food-stuff rich 1 u 
hold good for the first harvest, although starch but poor in protein. But the Bal- 

the bean straw is then worked under. But Inese can make out with this, in contras! 

especially in tract I of the little sketch with the Javan Mohammedans, since the 
map, immediately a second planting of former secure protein In their pork. 

made. The entire plants, seeds Hence peanuts are not so necessary 

and all, or expressed better, before the Balinese as a food. In either case, 

19 . In verbal communl cat Iona to the author, later amplified by very valuable written obeervatlona and 
photographa with legends, some of which have been included In this book. 
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Photo hy Mohr 

Fig. 63 . Higher part of South Ball. — Cajanue cajan ^ the 
green manure of the Balinese Inhabitants. 


although the Balinese farmer does not yet 
today adequately realize the significance 
of green manuring, the agricultural exten- 
sion service which is based upon Occi- 
dental foundations does know It, and acts 
accordingly. 

It Is also conceivable, especi- 
ally after what was said above (page 203 ) 
regarding landslides, etc., that green 
fnanurlng is more necessary higher up In 
tract I (see Fig. 62 , page 206 and Fig. 

page 208 ), where deep ravines cut 
relatively small ridges. There the soil 
ts the most juvenile and raw, and In the 
surface soli there Is the most need of or- 
ganic matter and nitrogen. On these lands, 
^or the most part unlrrlgable, there Is 
raised much maize In alternation with 
green manures, but also vegetables, such 
^9 kinds of terrong . 

Higher, In the forested parts of 


the mountains, where a quite humous surface 
soil can form, the natives plant much 
coffee . This Is done under a leguminous 
shade tree, namely dadap ( Erythrlna sp .) 

(see Figs .* c^3 -o , , pages 203-209). This 
crop does excellently, even though it is 
not given the care which an Occidental^^ 
would consider necessary. 

On the lower northern slopes, 
where a sharp dry monsoon prevails, kapok 
culture is possible, because of the Inter- 
plant Ing of the green manure crop Crota - 
laria . 

If the question as to whether in 
the near future commercial fertilizers will 
play an Important role In Balinese agricul- 
ture l 3 raised, the figures of the rock 
analyses on page 197 should be examined, 
with particular reference to phosphoric 
acid . It Is unusual and striking that 
such basic rocks show such small quantities 


Veral, Afd. Landb., 1928, p. J* 03 . The green manure with which the best success has been obtained Is 
g^otalarla anagyroidea (see Fig. 64). 

G. J. Vink, Da kofflecultuur der Bailers, Landbouw V, (1929), P* !• 
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Photo by Straub 


Fig. 64. Ball — ^Luxuriant development 
anagyroldes on the "high, dry soils." 



Photo by Straub 

Fig. 65. Young native coffee under dadap ( Ery~ 
thrina varlegata L. ) on very Juvenile efflata 
soil, without any protection against erosion. 
Central Ball. 


of the green manure Crotalarla 

Of phosphoric acid. In fact one lava 
does not contain any at all, while in 
three lavas and an ash only traces are 
present . 

But two things indicate a condition 
entirely different. C. H. van Harreveld- 
Lako and 0. Arrhenius^^ give, in addition 
to a description of the soil samples from 
Bali Investigated by them, also analytical 
figures shoving the amounts of phosphoric 
acid (Table ^8, page 210) . For the greater 
part from the standpoint of agriculture the 
soils cannot be classified otherwise than 
high to very high.^^ 

Entirely in agreement with this 
table (Table 58 , page 210), in the text 
they state: 

"In the low plains along the coast 
the soil conslstc of gray and brownish gray 
volcanic ash, which Is rich In phosphoric 
acid (and potash) and has a very desirable 

texture On the slopes of the volcanoes 

the soil consists likewise of the same young 
volcanic ash as In the plains. In sogne 
places however the recent ash mantle la no 

longer present It has been washed olf 

and there remains exposed a moderately 
weathered, orange brown more cohesive soil, 
which Just as Is the case with similar , sorts 
of soil on Java, poasesses but little phos- 
phoric add soluble in citric acid. (Nos. 

566, 571, 576)." 


22. C. H. van Harreveld-Lako and 0. Arrhenius, Qrondonderz, van de Bultenbez., Arch. Sulk. Ind. Nod 
Indie, (Soerabala, 1927), III, P* 709-826; Meded. Proefst. Java-Sulk. Ind., Ho. 

25. L. c. , p. 719. 

24. L. c., p. 718. 
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Photo hy Mohr 

Fig. 66. Luxuriant arablca coffee under dadap ( Erythrlna varlegata 
L. ) near the Brantan lake^ Central Ball. Soil: humous, Juvenile 
brown lixivium: V.b. I 



Photo by J. Straub 

Fig, 67. Good, oldsr garden of native coffee ( C. arablca ) on humous, 
bro¥n llxlTlUB! V.b. I .—it.llll.it. 2. Central Ball, near the Brantan 

laka. 
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TalJle 58 


Serial 

No. 

Region on the 
sketch of 



Surface 

P^Os In i 

Keinmerllng 
fSee Fig. 58, 

p. 200) 

Location on Ball and Description 

soil or 

subsoil 

Soluble In 

HCl 

Soluble in 
citric acid 

556 

VI 

Northern coastal plain, 
a little above the sea. 
Tedjakoela. Rice paddy. 

Gray ash soil 

Surface 

0.082 

0.055 

557 

n 

Northern coastal plain, 
a little above the sea. 
Tedjakoela. Rice paddy. 

Grayish ash soil 

Surface 

0.085 

0.056 

558 

VI 

Northern coastal plain, 
a little above the sea. 
DJlnengdalem, 1st class 
rice paddy. 

Gray ash soil 

Surface 

0.063 

0.038 

559 

VI 

Northern coastal plain, 
a little above the sea, 
DJlnengdalem, more 
westerly. 

Grayish ash soil 

Surface 

0.074 

0.041 

560 

VI 

Northern coastal plain, 
a little above the sea, 
Boeboenan. 

Yellowish gray 
ash soil 

Surface 

0.061 

0.033 

563 

I 

Along the road: north 
coast near Klntamanl, 

585 m. elevation south 
from 557/558. 

Yellowish brown 
sandy ash soil 

Surface 

0.089 

0.0^7 

565 

I 

Along the road: north 
coast near Klntamanl, 

385 m, elevation, 
below 563* 

Light orange 
brown clods 

3 m. deep 

0.058 

0.027 

561 

V 

Along the road: Boeboenan 
toward Moendoek, 
higher than 56O. Rice 
paddy. 

Gray ash soil 

Surface 

0.046 

0.022 

562 

V 

Along the road: Boeboenan 
toward Moendoek, farther. 
Higher than % 1 , Non- 
irrlgable. 

Chocolate brown 

Surface 

0.128 

0.010 

566 

V 

Along the road: Majong- 
Moendoek, Road cut. 

Older llxivl^mi. 

Dark orange 
brown clods 

Subsoil 

0.016 

0.003 

567 

II 

Plain, South Bali by 
Kloengkoen/^: let class 
rice paddy. 

Yellowish gray 
ash soil 

Surface 

0.068 

0.0il3 

568 

II 

Plain, South Ball, south 
from Gian Jar: 2nd class 
rice paddy. 

Light gray ash 
soil 

1 Surface 

0.048 

0.029 
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Table 58 (Continued) 


Serial 

Reiglon on the 
sketch of 

Kemmerllng 
(See Fig. 58, 
p. 200) 



Surface 

soil or 

subsoil 

PgO^ In i» 

No. 


Soluble In 

HCl 

Soluble In 

citric acid 

569 

II 

Plain, South Ball, at 
the Market; 2nd clasB 
rice paddy 

Yellowleh gray 
aeh soil 

Surface 

0.071 

O.OI+I+ 

570 

II 

Northern part of the plain 
of aouth Ball by Mengwl; 
rice paddy. 

Hard, light gray 
aeh soil 

Surface 

0.01+2 

0.022 

575 

I 

South elope Bratan, by 
Batoerltl. Rice paddy 

(^ayleh yellow 
aeh soil 

Surface 

0.104 

0 

b 


I 

South elope Bratan by 
Batoerltl. Non- Irrigable. 

Orange brown 

BOll 

Surface 

0.051 

0.025 

575 

I 

South elope Bratan, by 
Batoerltl. Depoelte of 
the river Soengl. 

(iraylBh brown 
sandy soil 

Surface 

0.051+ 

0.027 

576 

V 

South slope Bratan, by 
Batoerltl. Non- irrigable 
maize field; eroded. 

Orange brown 
little clods 

Surface 

0.015 

0.002 

577 

IV 

Older lixivium from 
older volcanic conglomer- 
ate near Bangll. 

Reddish brown 
llglit clay 

Surface 

0.027 

0.002 

2610 

VII 

Veetorn plain of D^^embrana 
Tjandlkoeeoema. 

Light brown 
fine sandy loam 
soil 0-53 

Surface 

1 

0.095 

O.OI+I+ 

2611 

VII 

Western plain 9! DJerabrana 
TJandlkoesoema . 

Light brown 
clods 56 - 100 

Subsoil 

0.122 

0.052 

902 

X 

Propatagoeng. Sea level. 
Forest on coral lime. 

Sandy, dark 
brown 

Surface 

0.081+ 

0.058 

909 

X 

Prapatagoeng. On the 
slope: 60 ra. elevation. 
Coral Band more than U in. 
deep. 

Sandy, browrileh 
gray 

Surface 

0.068 

0.019 

907 

X 

Prapatagoeng. O11 the 
top: 51^ ni., lying on 
layered tuff. 

Sandy, dark 
brownish gray 

Surface 

0.061+ 

0.051 

577 

n 

Tafelhoek. Southveet from 
DJlmbaran on limestone. 

30 - m. above the 00a, 

Shallow, dai'k 
brown, dry 

Sui'face 

0.059 

0.015 
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Hydrochloric acid never extracts 
all the phosphoric acid present. In the 
soil there Is therefore more than Is shown 
In the above figures which run up to 
0 . 128 ^, quite outside of the designation 
"traces" (less than 0.1^). Hence another 
analysis of the P 2 O 5 figures of the Ball 
rocks seems desirable, since for similar 
rocks from elsewhere figures of l/4 - l/ 2 ^, 
seldom under 0 . 1 ^, but even above 1 
have been found. 

The quantities of P In Table 58 / 
pages 210-11, are quite In line with simi- 
lar analyses of Java soils, particularly of 
those occurring In the eastern corner, 
which produce equally high rice yields as 
Ball. The yield of rice Is Indeed very 
hlgh,^^ and this practical result confirms 
the figures of the Experiment Station for 1 
the Java Sugar Industry. In the above | 
quotation It is also correctly Interpreted. 

Only on the brownish red lixivium 
soils, already weathered beyond the virile 
stage, will there be any need of P ferti- 
lizers In the near future. These soils 
occur In the tracts III (south), IV and V, 
where the rejuvenating ash had been eroded I 
off before It had been Incorporated with ' 
the soli beneath. 

As to the quantities of potassium 
reported In the publication referred to, 
the following figures (Table 59) are 
recorded: 


Table 59 


Serial 

Noe. 


Description 

Soluble In 
hydrochloric 
acid 

Soluble in 

citric acid 

558 

0.105 

0.057 

Afih soil 

561 

0.096 

0.052 

Ash soil 

566 

0.090 

0.050 

Older lixivium 

569 

0.104 

0.057 

Ash soil 

, 570 

0.073 

0.035 

Ash soil 

571 

0.154 

0.049 

Older lixivium 


These K values are also high. It 
Is worthy of note that the older lixivia 
often show even still higher amounts of 


potassium than the younger ash soils. It 
Is not Impossible that from the ash which 
without doubt must also have fallen upon 
the lixivia, before It eroded off, the 
potash had already been leached out, moved 
downward, and was fixed absorptively In the 
more weathered, colloidally rich lixivia. 
But It Is also plausible that during the 
weathering little K and P were washed out, 
yet the K was held In such a way that It 
remained extractable by acids, while the P 
was 30 fixed (for example combined with Tl), 
that It did not go Into solution during the 
usual extraction by acids. 

However that be--def Iclency of 
potassium certainly does not occur here, 
although the rocks and the ash have but 
1 / 2 ^ to 1 % of It. Hence fertilization with 
K is still less an urgent question on Bali 
than fertilization with phosphorus. For 
the time being everything comes down to 
nitrogen, organic matter, and water; hence 
the attention to green manuring and irriga- 
tion. 


LOMBOK 

3oll‘Formlng Rocks 

Thanks to the exhaustive geological 
research of van Heek^® the nature of the 
soli forming rocks of Lombok Is for the 
greater p^rt quite well known. That there 
may be uncertainties as to the geological 
age of some formations Is for us of less 
Importance . 

As In Ball, the young volcanic rocks 
are also the most Important. Nevertheless 
there Is an Important difference between 
the two Islands, namely In the relative 
positions of more acid and more basic mem- 
bers of the group. 

On Ball, as for example In the en- 
virons of Klntamanl It has been clearly 
observed that during an Initial eruption 
period of Batoer, the more acid pumice 
stone was spread out In great masses over 
the whole land. Later In the eruption 
period, basaltic extrusions were predomi- 
nant, now and then alternating with or 
accompanied by ash eruptions of relatively 


25, F. A. Lleftrlnck, T. echr. Blim. Beet., Y (I891), p. l 4 , 

26 . J. G. B. van Hbek, Bljdr. t/d geol. kennle v/h ell. Lonibok, onz., Jb. Mljnw., 58 ( 1909 ), Wot. Ged. 

(1910), p. 3-80. — 
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basic material. But on Lombok the basaltic 
extrusions took place much earlier (perhaps 
during the same time that on Ball Mt. 

Agoeng was active), and the main ash mass 
of the Rlndjani was somewhat more acid, 
followed by still more acid ash and especi- 
ally by pumice stone . 

As can be observed in the deeper 
ravines, the mantle of breccia lies on 
solid basalt. The breccia itself is some- 
times already more or less hardened, some- 
times however very loose, consisting of 
volcanic e jecta--block3 of rock of very 
diverse dimensions in a matrix of fine rock 
fragments. In layers of very differing 
thickness on this breccia lies the pumice 
stone material thrown out during the most 
recent eruptions. Van Heek continues: 

"This breccia is composed of more or less 
porous basalt and particularly of pyroxene 
andesite containing hypersthene"; thus 
clearly more basic. 

"Where the pumice stone layers 
occur in primary bedding, they consist of 
two layers of gravel (scoria) of different 
grain size, separated by a fine more or 
less loamy pumice sandstone layer, under 
which occurs a thin hard rusty brown 
crust. Presumably the explanation is 
this: the included finer layer will 1st, 
because of its fineness weather earlier, 
and through this will become a pale water- 
holding, almost impervious layer. Weather- 
ing clay from pumice stone is never more 
than only slightly ferruginous, thus more 
plastic, hence more impervious. 2 nd from 
the denser layer water will not be able to 
go downward into the coarser layer of grav- 
el or only with much difficulty; the water 
remains suspended. But in the gravel 
there is air. Hence if there does pene- 
trate downward from above a solution with 
Iron, for example, in the ferrous form, 
then on the bounding plane this iron must 
precipitate and forms an ore crust. 

Somewhat further on we read^® how 
also in the lower parts of the terrain, 
where the pumice stone material is washed 
together to a considerable depth, the pum- 
ice atone layers alternate with thin and 
f'requently extremely heavy clay layers 
which are completely impervious to water. 


Where the terrain is favorable for springs, 
beautifully clear water comes to the sur- 
face above this Impervious layer. 

Especially, however, in the tri- 
angle facing the sea, Alas strait, and 
enclosed by the lines joining Ash Dalem in 
the northeast, Koete Radja in the northwest, 
and the Rambang airport In the south (see 
region II in the sketch map. Fig. 68, page 
214) the accumulation of pumice stone by 
washing in has been so great that here the 
pumice stone is 20 m. deep and more. It is 
this which gives that region a very pecu- 
liar character, and to which the climate 
very certainly contributes. 

The above applies chiefly to the 
central, dominating Rlndjani mountainous 
country and to its foot, developed broadly 
toward the south (Region l) . There are 
also still three other mountainous regions 
to be discussed. 

In the west lies III, a region of 
some older mountains, consisting of pyrox- 
ene andesites and amphibole andesites, 
without basalt . --Southeast from there and 
hence west from Rlndjani, stands Mt. Poenl- 
kan a volcano at present dormant. Although 
foundations of this mountain may be basalt, 
its crown and mantle consist of ordinary 
pyroxene andesite. 

In the northeast of the Island in 
Region (iv) stands Nangi, also an Inactive 
volcano, with two craters the floors of 
which at present are tranquil plains grow- 
ing irrigated rice. A few prosperous 
villages are along the edge, built on a 
lava stream. The Nangi also appears to 
have been begun with basalt, and afterwards 
to have completed its building up with an- 
desites . 

In the south of Lombok across the 
whole breadth of the island lies an exten- 
sive mountainous region (Region V). In a 
north and south direction, directly south 
of Mataram, it is the broadest. There one 
comes across the Maredje mountains, old 
volcanoes which consist not only of ordi- 
nary pyroxene andesites, but also of horn- 
blende andesites and quartzitic dacites. 
Breccias of all these rocks also occur. 

Van Heek believed the hypersthene andesites 
occurring on the separate mountains to be 




Fig. 68. Map of Lombok Island showing the principal geologic and 


geographic regions. 

somewhat younger. At the same time at 
different places on these mountains large 
bodies of limestone occur after the manner 
of those of Tafelhoek on Ball. 

None of these southern mountains 
are high. Hence they have not contributed 
to the formation of the plain lying between 
north and south Lombok, the plain which ex- 
tends from Ampenan via Praja to Tandjoeng- 
loewar. 

No analyses of rocks of Lombok 
have been found In the literature. 


Climate • 

The climate of the different parts 
of the Island differs very greatly Indeed. 
But In general, at any rate in the 


Inhabited portions, as compared with the 
rest of the Netherlands Indies, the climate 
Is rather dry. Hot a single rainfall sta- 
tion has a yearly average exceeding 2 m. 

By analogy with Ball and East Java, how- 
ever, one may quite safely conclude that 
on the uninhabited southern, western, and 
northwestern slopes of the high mountains 
places do occur where. In connection with 
the rising air currents during one or the 
other of the monsoons, more rain does fall- 
.Van H 0 ek^° even says: "In the mountains, 
days without rain are Infrequent." In 
sharp contrast to that are the following 
rainfall figures (Table 60, page 215) for 
periods varying from a minimum of 1^ ye®-^^ 
(Kopang) to a maximum of 5^ years (Am- 
penan) : 


50. L. c ., p. 67 . 
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Table 60 


DISTOIBUnOW OF RAUnrALL DURIHG THK YSAR ON LOMBOK 


Place 


Ampeiian 

Mataram 

Kopang 

Praja 

Tdg. loewar 

Belong 

Lombok 

Bajan 

Tandjoeng 


Location 

Eleva- 
tion In 

meters 

No. of 
years of 
observa- 
tions 

Rainy 

days 

per 

year 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Rainfall 

per year 

in mm. 

Humid 

(vet) 

months 

Arid 

(dry) 

months 

Waat 

2 

36 

88 

195 

170 

180 

95 

71 

59 

4^1 

27 

37 

120 

144 

254 

1394 

6 

4 

West 

15 

27 

94 

243 

240 

234 

116 

91 

79 

41 

51 

64 

186 

220 

306 

1871 

7 

2 

Central 

555 

14 

85 

248 

224 

197 

81 

52 

33 

33 

60 

31 

117 

193 

274 

1543 

6 

5 

Central 

101 

17 

97 

266 

231 

221 

140 

109 

4S 

30 

36 

27 

89 

162 

336 

1696 

7 

4 

Southeaet 

2 

16 

65 

194 

140 

127 

32 

30 

16 

17 

12 

6 

30 

43 

178 

850 

4 

8 

Southeast 

148 

35 

65 

189 

185 

136 

57 

27 

21 

17 

14 

9 

23 

67 

173 

919 

4 

7 

Northeaat 

2 

16 

65 

162 

119 

99 

66 

j 6 

42 

16 

7 

7 

13 

54 

120 

714 

3 

7 

North 

200 

16 

64 

366 

363 

242 

76 

U 

22 

11 

7 

7 

15 

58 

228 

1440 

4 

7 

Northwest 

10 

16 

74 

313 

380 

215 

75 

54 


11 

7 

17 

42 

1 

77 

205 

1427 

4 

6 


1. Rainfall flguree taken from Verb. No. 24 of the Kon. Magn. Meteor. Oba., Batavia, p. 210, up to 1928 Incluelve and corrected 
with the data for 1929 and 1950. Figures for later yeare were not yet publlahed (1954). 


The great difference between rainy 
season and dry season is clear. The most 
striking difference is perhaps at Bajan, 
where 5/6 of the total rainfall occurs in 
4 months, while in the dry half-year ‘but 
l/l5 of it falls. All places, however, ! 
show a dry season with months of less 
than 60 mm. The weakest dry period with 
an average minimum of 4l mm. is at Mataram. 
But that however does not say that a long 
and very severe dry season sometimes does 
not occur; while other years have a few 
heavy showers in the middle of the dry 
months. The possibility for a pause in 
the water movement in the soil is hence 
generally more or less present, and where 
the soil permits it, even for a reversal 
of the sinking movement into one of ascent. 
Certainly this is clearest in East Lombok 
where there are 6 continuously dry months. 
In west Lombok a reversal of soil water 
movement is not to be expected. Apart 
from that, however, as already frequently 
argued, the nature of the soil is at 
least of equally great significance as is 
the climate for the ascent of water in the 
soil. 

Since there are no data of temper- 
ature observations on Lombok, we are de- 
pendent upon personal observations, which 
are really estimations. At low elevations 
the temperature varies within the usual 
limits for the Indies. On Mount Rindjani 
(3,700 m.), however, It falls to within a 
few degrees centigrade of the snow line, 
and even if volcanic activity might be 
permanently suspended in the future, no 


forest could grow at the summit. Even 
elfin-wood would not grow; at most some 
herbs would be present. 

The air is very dry in the east 
monsoon, especially in eastern and northern 
Lombok. Nevertheless evaporation can never 
be more than the available water. As a 
consequence in the dry months all strongly 
pervious soils (coarse ash and pumice stone) 
which have .only an unimportant power of 
capillary ascent, and a ground water level 
deeper than one meter below the surface, 
can hardly evaporate more water than the 
rainfall in those months. It is likely 
that in the 4 rainy months the evaporation 
from the soils is significantly greater 
than in the 6 to 8 dry months. 

Ncrw what name should we give to 
the climate of, for example, the lower 
tracts of East and North Lombok? — It is 
not humid , it is also not arid , nor is it 
intermediate. It is simply periodically 
alternating humid and arid , sometimes with- 
out even a short transition period and some- 
times with one. Whenever there is an oppor- 
tunity the humid climate, as well as the 
dry one, places its stamp upon such natural 
phenomena as the weathering and the vegeta- 
tion. 

As regards the vegetation in the 
tracts referred to, trees which cannot 
withstand a dry period of a half year or 
more must disappear unless the provision 
of water is made up from elsewhere. Forest 
along the rivers is thus possible, while 
somewhat farther from the streams smaller 
groups of trees exist. .Still farther away 
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single trees somewhat apart from each 
other (park landscape), are present, so 
that they do not take from each other the 
last of the soil moisture. And finally a 
treeless plain exists, a savanna, with 
grass which withers In the dry season, be- 
sides a few xerophytes ( Euphorbias , Opun- 
tlas , etc.). Of the grasses It Is especi- 
ally Andropogon contorsum , which character- 
izes this climatic form. 


Vays In Which Weathering Occurs 
and Resulting Soil Types 

Because the east and west slopes 
of the Rlndjanl abutt against Mts. Nangl 
and Poenlkan, for all of North Lombok to 
the north of the line connecting Tandjoeng 
and Lombok there can quite well be accepted 
similar ways of weathering of similar 
rocks. Moreover the repeated eruptions of 
the Rlndjanl have made this whole region 
still more uniform as a result of the 
equal covering by young andesitic ash. As 
compared with the northern half of Prlng- 
gabala, the Bajan district has a distinct- 
ly stronger rainy monsoon, with Intermit- 
tent leaching of basic volcanic, porous 
material, which In the course of a long 
time will form reddish brown lixivium, -- 
as yet the soil Is In only the first very 
young stage. In due course this district 
can, especially higher up against the 
mountains, carry quite good forest If new 
eruptions of ash do not destroy everything, 
so that a start has to be made all over 
again. There Is practically no coastal 
plain, nor will one develop quickly be- 
cause the sea Immediately to the north of 
Lombok Is very deep. 

North Prlnggabaia, however does 
have some small plains along the coast. 
These plains are rich In dissolved and 
soluble soil constituents, and If they 
can be Irrigated they will be productive. 
Mt. Nangl Is somewhat older. As a conse- 
quence, In the rainy season, the small 
streams bring down somewhat more weathered 
slit. If this settles out on the lower 
land, there Is every chance that here as 
a result of the alternating weathering a 
soil first more gray, and becoming black 
ultimately will develop. Such a soil will 
hold more water In the beginning of the 
dry season. Higher up against the east 


slope of the Nangl, If forest can begin to 
maintain Itself, the soil must be somewhat 
richer In humus. But the low ridges are 
now savannas poor In trees, with a grayish 
black surface soli and much unweathered 
stony material. 

In the very wide double crater of 
the Nangl are now a couple of plains, which 
receive adequate water from the west mon- 
30 on--the winds rising against the steep 
Inner wall In the east, drop much rain 
there. Here, at 1,200 m. elevation, brown 
lixivium Is forming. This soil has a dark 
brownish black humous surface horizon under 
a well-closed-ln forest. 

On the southern slopes of the vol- 
canoes rain falls even In the east monsoon. 
As a consequence, due to the porous, slop- 
ing terrain there, the weathering In prog- 
ress Is In the beginning stages of a red- 
dish brown lixivium. At the same time the 
erosion prevents the accumulation of weath- 
ered soil, so that the stage of juvenile, 
even fresh soil material can still persist 
for a long time. Where however the pum- 
ice stone, mentioned In the description of 
the rocks, predominates, there Is formed a 
less reddish brown, a more yellow to pale 
yellow weathering product. It Is more 
plastic, cohesive and resistant against 
erosion. Then there Is that brownish yel- 
low soli with (under forest) sometimes an 
Intensely dark very thin humous surface 
soil which Is sharply differentiated from 
the horizon just beneath It. If the for- 
est on such a soil Is cut off very rapidly, 
(in one or a few years) the brownish black 
layer will bo washed away. 

Lower, In the districts Masbaglk, 
South Prlnggabaia and Parang, the pumice 
stone layers are so thick that there is 
still very little soli formation to be 
noted. In the course of a long time, how- 
ever, here also the Intense black soil 
characteristic of the alternating weather- 
ing must develop. Along the rivers. In 
the ravines which are being continually 
widened by the meandering of the streams, 
an allochthonous soil develops from weath- 
ered and unweathered fine pumice stone 
material. This gives the soil a light 
color, besides darker material of ande- 
sitic nature coming from the slightly 
cemented stone and ash cut through by the 
rivers. These latter materials, while 
somewhat older than the pumice stone. 
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are still almost fresh. 

Now before the large plain from 
Ampenan to Tandjoerigloewar Is taken up for 
consideration, just a few words about the 
remaining mountainous regions. In the 
Tandjoeng district, on the northern slopes 
of the older mountains already mentioned, 
the reddish brown lixivium of the inter- 
mittent weathering has reached a further 
stage than In Rajan. But here also, now 
and then rejuvenating ash has been scat- 
tered over the land. As to mineral fer- 
tility there Is hence no lack; nice forest 
ought to be standing on It, excejh. that In 
the coastal plains the Inliabltants have 
need of wood and so have cut down much for- 
est. The consequence Is that those lands 
are also kalriglned , and not much humous 
surface soil Is to be seen on the present- 
day cultivated fields. The eroded soil 
lies on the plains or has been carried on 
Into the sea. 

The southern mountains are scantily 
wooded, without roads, and seldom visited. 
In the literature observations relating to 
the soil are scarce. Van Heek on an expe- 
dition toward the summit of Mt. Maredje"'’ 
found "a thick, dark colored, weathering 
soil, heavily covered with vegetation, es- 
pecially toward the top." Apparently It 
was a quite humous brown lixivium, origi- 
nating from andesite through Intermit, tent 
weathering. Here and there on the lime- 
stone lies also a thick layer of weather- 
ing soil, carrying a vegetation .among 
which even bamboo occurs, which should In- 
dicate a mixing of volcanic ash or other 
volcanic material. The limestone Itself 
however seems not to be tuffacelous. 

Hence these substances mixed In the w^eath- 
crlng soil must be of younger, Quaternary, 
date . 




The most Important and also pedo- 
loglcally most Interesting part of Lombok 
Is the plain which runs from the west to 
the east right through the middle of the 
island. It consists of two parts, sepa- 
i^ated by a line from Mantang across 


Djonggat situated on the most southwesterly 
toe of Mt. Rindjanl’s foot, towards Koerl- 
pan, located on the northern edge of Mt. 
Sasak, which belongs to the Southern Moun- 
tain Range. 

The portion of the plain (Vl) west 
from that line, the plain of T jakranegara, 
which slopes upward from the northwest to- 
ward the east and southeast some hO meters. 
Is entirely a product of the volcanoes ly- 
ing to the northeast. The soil consists 
of the fine and somewhat coarser ash, main- 
ly Rlndjani ash. Only In the most north- 
western part have the rivers coming from 
the Poenlkan and Mt . Semajo mixed with the 
soil other but similar kinds of andesitic 
material. Properly speaking the material 
Is still too fresh to be called alloch- 
thonous soil. Yet I use this term here 
because without doubt from higher regions 
eroded surface soil, and with it weathering 
minerals and even humus are brought in, and 
play their part In determining the charac- 
ter of this soil. Intermittent leaching 
Is the weathering form at the present time. 
This is because, by nature, the soil is 
still so porous. Now, however, that the 
greatest part of the plain has been con- 
verted Into paddles, and will rem^n so, 
within the Immediate future amphibian 
weathering will occur. In fact the com- 
mencement of this type of weathering Is 
already ob3ervable--here and there can be 
seen some reddish brown threads of Iron 
oxide on dry gray clods of ash loam. 

The lower foot slopes of the vol- 
canoes merge very gradually Into the plain. 
The Southern mountains, on the contrary, 
rise up very sharply out of It. This Indi- 
cates at a gl.ance from which direction the 
material has come which fills up the plain. 
In this the Sout-hern mountains have had 
just a little a part as, for example, on 
Java between Blitar and Toeloeng Agoeng 
the Southern mountains have had on the 
plain which lies there; there everything 
came from the Kloet volcano. 

That portion of the plain (VIl) 
east from the above-mentioned constriction 
near Koeripan, called by Van Heek^^ the 
plain of Batoedjal, appears to have an en- 
tirely different character. The soli con- 
sists of "a relatively thin layer locally 


5^* L. 0 ,, p. 15. 
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only a few meters thick. It is the so- 
called tanah malit , a black kind of soil, 
which in the moist condition forms a heavy- 
clay, and when well dried cracks into 
clods as hard as stone. Meanwhile it is 
worth mentioning that it is the soil's plas- 
ticity in its moist condition which lends 
to this otherwise very poor soil its suit- 
ability for preventing the rapid sinking 
away into the subsoil of the rain water 
which in this region is so precious for 
the farmer.'' From this description of Van 
Keek it is immediately apparent that " tanaii 
ma lit " is a soil type apparently similar to 
the black soil so frequently observed in 
the dry tracts of Java, and there often 
called " rant j a minjak . " This soil also in 
some respects resembles the western North 
American "adobe soil." 

Van Heek speaks of a "relatively 
thin layer." If it is however "locally 
only a few meters thick," he must have 
meant to say that this layer is only lo- 
cally as much as a few meters thick and 
everywhere else is thinner. 

Regarding the occurrence of cal- 
cium carbonate concretions nothing !s said 
by Van Heek. He does say, however, that 
"the tanq^h m.alit does not possess particles 
of p'ornice stone or only sporadically so." 

It is not impossible that the presence of 
lime concretions was overlooked. At that 
time (1909) in the Netherlands Indies lime 
concretions as autochthonous soil forma- 
tions were but very little known. And 

s 3 

according to the following statements 
pumice stone remains are also Improbable. 
"Upon sedimentation this kind of soil 
leaves quite a good deal of sand, which 
for the most part consists of glistening 
fragments of feldspar. Further research 
brought to light that besides plagloclase, 
fresh hypersthene and some auglte and ore 
occur, while olivine is lacking. From 
this composition it would appear that the 
M:anah malit ' was formed only after the 
eruptions of basalt and olivine-containing 
pyroxene -andesite had given way to erup- 
tions of hypersthene-containing augite 
andesite . " 

It is possible that this soil type 
has originated from andesitic material. 

This is why under the "tanali mailt" is 


found especially breccia or conglomerate 
with much rock which is recognized as py- 
roxene andesite or basalt. Thus the "tanah 
malit" cannot be older than Quaternary; but 
it is old In the Quaternary. It had al- 
ready then begun to form from the relatival 
thin cover of loose volcanic material laid 
down on the Tertiary hilly ridges which run 
from the south toward the north. And the 
formation of this soil has been continuous, 
on down to the present day. 

The climate has certainly also 
contributed to the formation of this soli. 
The long dry season, especially In the 
east, contrasts sharply with the much weaker 
east monsoon in the plain of T jakranegara. 
One need only compare the rainfall figures 
of Mataram and Tandjongloewar . Besides It 
is in no sense excluded that in the plain 
of Tjakranegara in the course of a long 
time more black "tanah mailt" will form If 
the volcanoes remain quiet long enough and 
the rivers do not spread any fresh ash out 
over the land. But under regular irriga- 
tion such soil development cannot progress 
very far. 


Evaluation and Utilization 
of the Soils 

After all that has been said above 
about the kinds of soils on Lombok and 
their nature, the conclusion is very simple 
Wliere there is adequate water, the fertlllt 
of the soils Is generally more than ade- 
quate. The best soil of all, and therefore 
also the center of concentration of the 
population in the vest is in the plain of 
Tjakranegara (Vl). Regarding this plain 
Van Heek wrote; "One glance at the map 
is enough in order to see that especially 
the plain of Tjakranegara is extraordinar- 
ily richly blessed with the life-bringing 
irrigation water. Approximately lA ^810 
water falling in the mountains flows into 
this relatively small plain, so that tho 
plain is traversed by a whole lot of iiaral- 
lei flowing streams. The plain has those 
streams providing the water so necessary 
for the rice culture and also the pre- 
eminently valuable material which the 
streams have carried in. Moreover where 


35 - L. c ., p. 71 - 
34. L. c., p. 67. 
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the Irrigation, laid out by the Balinese 
who know how to do It, assists nature. It 
la no wonder that this small plain gives 
excellent yields." 

Because of the condition which has 
prevailed from time Immemorial, viz. that 
the streams on the south side of the vol- 
canoes go partly to the west and partly to 
the east, the center of the plain receives 
the least water. The land very likely had 
a saddle In the center as long ago as Ter- 
tiary times, a saddle which lay higher 
than the land to the west and east of It. 
Wtille the extensive eastern pumice stone 
plain (ll) (see above, page 21)} does re- 
ceive a good deal of water. It Is of not 
much use on the uplands. Only the small 
valleys In the bottoms of the ravines are 
adequately provided with water, so that 
the rice cultivation Is concentrated there. 
While on the pumice stone plateau almost 
desert-like drought prevails. 

Thus In the west there Is an ex- 
cess of water. In the center there Is a 
scarcity, even poverty; while In the east, 
excess and lack are both present. As to 
the deficiencies there Is not much to be 
done. Little by little the streams will 
continue to abrade their valleys broader 
and broader until the little ridges are 
consumed and the entire district of Parang 
becomes one fertile plain. What a beauti- 
ful problem however is there for the irri- 
gation engineer in the center of Lombok. 
Namely, to withdraw and lead off a part of 
the excess water, which now flows toward 
the west and the east. In such a way as to 
give It to Central Lombok (Djonggat and Ko- 
pang), and to do this without depriving 
the west and east of water. It Is no won- 
der that here the Irrigation Service In co- 
operation with the Agricultural Extension 
Service Is devoting all Its attention to it. 
Perhaps In 2b years one may see In the dis- 
tricts of Batoekllan and Masbaglk a whole 
series or chain of siphons, so that the 
"tanah mailt" In the south can be rejuve- 
nated with volcanic silt. It has been a 
long time since the covering of ash fell, 
^hlch has now become the black earth. 

Yet water Is not everything In this 
Agricultural matter. There Is an abundance 
op mineral plant food substances, at least 
In the east and especially In the vest. 


But just as In the young ash tracts of Java 
and Ball, there will sooner be a lack of 
nitrogen and since there are also inade- 
quate colloidal weathering minerals present 
In the ground, there Is at the same time a 
lack of humus. Hence the need of green 
manuring or at least of alternation of rice 
and maize with profitable legumes such as 
varieties of peanuts. 

In the large plain VII to the east 
of Koerlpan, In the center of which Praja 
Is located, with a few exceptions, the 
paddles upon " tanah mailt " are dependent 
upon rain. It is a pity that for Lombok 
there are still not available figures of 
yields (experimental cuttings) In relation 
to tlllage^^ for a series of years, other- 
wise there would be certain instructive 
conclusions to be drawn. Also soil anal- 
yses from Lombok are thus far lacking In 
the literature. Therefore considerations 
remain very speculative, for we cannot get 
very far merely on the basis of observa- 
tions. 

So, judging by the heavy rice yields 
of West Lombok, one might quite easily con- 
clude that no phosphorus deficiency can 
prevail. In the plain south of Praja the 
yields are smaller, a result often to be 
ascribed directly to lack of water, but, 
the possibility Is still not excluded that 
the " tanah mailt " may be deficient In avail- 
able phosphorus. Only plot tests supple- 
mented by analyses will be able to settle 
this . 

Also as to the pumice stone region 
we are In no sense certain whether or not 
there Is a P deficiency, but the thorough 
mixing together In the river valleys of 
more basic andesitic material greatly re- 
duces the likelihood of this. 

Regarding the soli of the Southern 
Mountain Range It Is very hazardous If not 
almost Inadmissible to say anything. Far 
too little Is known about It. Drought will 
certainly be the principal hindrance to 
more Inhabitants living there. Apart from 
that, pure limestone tracts, such as the 
southeastern peninsula of Ekas, are not very 
tempting. Even for teak such localities are 
not apt to come up to expectations. The 
Maredje Mountain range Is apparently not 
quite so bad, but perhaps Its fertility 
will be rapidly exhausted as soon as the 


53. The Extension Service at Lombok haa been established only since 1928. 
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forest Is replaced by cultivation. With- 
out a previous Investigation of soil and 
climatic conditions, It Is certainly not i 
desirable to Induce people to settle here. 

Adjoining the plain of west Lombok, 
and Immediately to the north of the latter 
the stretch running east and west prom- 
ises much more. The bringing on of water 
Into this already higher land for paddy Is 
difficult; for this reason the Inhabitants 
raise unlrrlgated upland crops. The Agri- 
cultural Extension Service advocates for 
this region, as well as for others farther 
east on the foot of the Rlndjanl, near Man- 
tang, the raising of kapok and of course 
also urges rotation with green manures. 
Whether on the "tanah mailt” soy beans are 
being raised, has not thus far been learned 
from the literature. 

A point worthy of mention Is that 
along the northwestern coast of Lombok Is 
a region with a relatively heavy west mon- 
soon and a very sharp east monsoon. It Is 
notable that here the natives grow a hardy 
cotton , although with declining success.^® 
For this region the Extension Service Is 
now recommending a combination of kapok 
and green manures. 

In conclusion, something should be 
stated about the cultivation of coffee In 
the higher mountains, above 1,000 m. ele- 
vation. Without doubt there are localities 
where C. arablca can be raised successful- 
ly, as for example In the neighborhood of 
the crater of Mt. Nangl where the soli Is 
somewhat farther weathered and where In 
the forest. In connection with the eleva- 
tion, the soil has already become fairly 
rich in humus. A careful search should be 
made for pieces of relatively flat land. 
From the beginning, good cultural prac- 
tices should be Insisted upon. 

Taken all together, Lombok Is an 
Island with a great deal of above the 
average, very juvenile agricultural soil. 
The principal agricultural problem seems 
to be that of a satisfactory distribution 
of water for Irrigation. Where this has 
been solved successfully, the climate with 
a strong dry season Is an advantage rather 
than a disadvantage. 

But water cannot be brought on to 


the Southern mountains. Hence here little 
agricultural development can be expected. 
Perhaps stock raising Is the best activity 
for this region. 


# * * # * 


SOEMBAWA 

Soil-Forming Rocks 

The geology of Soembawa Is even 
much less well known^^ than that of a 
number of other Islands; even so there are 
to be recorded a few Important facts of 
great significance for the soli of today. 

In the first place may be mentioned 
the 1815 eruption of Mt. Tambora , which 
burled deep under ash not only the penin- 
sula upon which the volcano lies, but also 
other large parts of the Island. It was 
recorded by* Zollinger^® after the outburst 
that ”the volcanic gravel layer at Samgar 
was over 3 ft. deep, at Blraa 1.3 ft., on 
Soembawa 2 ft., In the west of the Island 
and on Lombok still 1.3 ft., on Ball 1 ft., 
on Banjoewangl (Java) 3A ft. deep.” This 
mighty eruption occurred In the first half 
of April, hence during the season of the 
east monsoon so that more of the ash went 
westward than eastward. 

Hence whatever the soli and the 
parent rocks might have been before the 
eruption, by far the greater part of the 
soils of Soembawa have been Intensively 
rejuvenated, and as far as their nature is 
concerned they have been strongly equalized 
In the direction of young volcanic soils. 

It Is true that since that time more than 
a hundred years hdve elapsed, and there- 
with all sorts of things have changed. 

From the high points and convex slopes 
much ash and pumice stone have been eroded 
and blown away, accumulated In lower con- 
cave parts of the land, and have there com- 
menced to weather. In this way bodies of 
the older land have again been exposed on 
the surface, and now weather In their own 
way but even so are always more or less 
Influenced by thin, recent coverings of ash* 


36 . Afd, Lb. v/h Dept. L. N. H., B dtenzorg, Jaarverslag 1928, p. 324. 

37 . L. Button, Voordr. Geol. N. 0. I. (1927), P» 653-656. 

38 . H. Zollinger, Verel. rele n. Pima en Soembawa, enz., Verb. Batav. dan. K. en W., XXIII (I 85 O), P* ^ 
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Table 61 


Name 

Daclte 

Hornblende 

Hornblende 

Labrador 

"Laterlte” 

Leuclte 

Augite 



augite 

augite 

andesite 

crust 

tephrlte 

from 



andesite 

andesite 





Origin 

Sapeh 

Tdg. Lok at 

Ndano 

Gap it 

Overlying 

Soromandl 

XII 



Maplnbaal 


River 

sample n 



Analyzed by 

Tillmans 

Lindner 

Lindner 

Lindner 

Lindner 

Lindner 

Lindner 

Sample's 

I 

IV 

V 


X 

XII 

XIa 

own No . ... 








SIO2 

64.54 

58.50 

55.74 

50.59 

16.82 

48.75 

45.05 

TIO2 

0.55 

1.41 

0.97 

0.75 

3.98 

0.88 

0.24 

AI2O3 


17. 51+ 

18.26 

21.77 

34.75 

15.50 

7.84 

Fe203 

5.88 

5.52 

6.21 

5.51 

19.17 

11.21 

7.97 

FeO 

0.11 

2.56 

mM 

5.25 


4.83 

5.88 

MnO 


0.08 


0.10 

0.14 


0.25 

MgO 

1.17 

2.95 

2.69 

5.55 

0.80 

5.75 

9.61 

CaO 

5.17 

7.04 

8.06 

10.61 

0.44 

9.51 

19.76 


5.71 

5.48 

5.58 

1.65 

0.26 

2.96 

1.91 

K2O 

1.05 

1.62 

2.52 

1.54 

0.40 

5.54 


H2O+ 

1.99 

1.25 

0.60 

0.06 

20.74 

0.55 

0.87 

P2O5 


0.25 

0.55 

0.60 

0.23 

0.48 

0.52 



0.10^ 

0.16^ 

0.41^ 

2.11^ 

0.48^ 

0.15^ 


100.59 

100.05 

100.19 

99.96 

99.83 

100.00 

99.81 



^BaO 

^moisture 

^moisture 

2 

mblsture 

^BaO 

^moisture 


In the second place It has become 
evident^® that on Soembawa and the nearby 
small Islands \dilch belong with It, very 
different volcanic rocks occur. For ex- 
ample the rock samples, collected by El- 
bert were Investigated petrographlcally 
by Rack, who was able to Insert In the 
description a number of analyses. F. M. 
Huhnervadel dealt with the samples of 
Pannekoek van Rheden In the same manner, 
however without analyses. The rocks are, 

It i3 true, for the greater part andesites, 
but also dacltes as well as basalts were 
Pound. That the composition varies 


considerably will appear from Table 6l. 

The fact, however, which needs special 
attention is that leuclte rocks (-tephrlte 
and -basanlte) are found on TambOVa and 
Soromandl, and also on the more westerly 
lying Sangenges. In how far these potas- 
slum-rlch rocks were also Involved in the 
ash eruptions. In other words, whether 
leuclte or potassium-rich volcanic glass 
was spread out over the land with the ash. 
Is even now still entirely unknown. Even 
yet no ash analyses from Soembawa are 
available. It would be Interesting If 
leuclte glass were found, as It would be 


59. Beeldoe th© already briefly mentioned short synopsis by Rutten, the reader Is referred to the follow- 
ing: H. A. Brouwer, Tool. Gool. Overz. k. N. 0. I. bl. XVII, Jb. Mljnw., (1915), Verb. II; J. J. 
Pannekoek van Rheden, Jb. Mljnw, (1915), Verh., p. 15; the same, Geol. Notlzen u. Sanggar, etc., Z. 
f. Vulk., IV (1918), p. 85; the same, Nachtrag. In Z. f. Vulk., IV (1918), p. 506; F. M. Huhnervadel, 
Eruptlvgest. Nord-Mittel-Soembawa, Inaug. Dies. Basel, 1921; Joh. Elbert, In: Die Smida-Expeditlon- 
Frankf. a/M., II (1912), S. 152-174; G. Rack, Petr. Unt. Ergussgest. Soembawa u. Flores, N. Jb. f. 

Min. etc., Bell. Bd., 31 * (1912), S. 42-84. 


THE SOILS OF EQUATORIAL REGIONS 


222 


the first known case of ash containing 
this mineral falling In historic times In 
the Netherlands Indies. 

In addition to the diverse ande- 
3 ltes-(auglte-, hlotlte-auglte, auglte- 
hornhlende-, and hornblende-andesite) -- 
andeslte-peckstone as well as black pumice 
atone also occur. In so far as Is now 
known, daclte occurs only In the center of 
the Island, especially on P. Liang, and 
then again behind Sapeh In the extreme 
east. The whole Is, however, probably 
much more complicated than appeared upon 
first glance. In short, the geology Is 
still Incompletely worked out. 

The SIO2 content of these Soembawa 
rocks thus varies between about 65^ and 
less than 49^. They are properly K and P- 


formatlon, they probably play a subordinate 
role. 


Climate 

With regard to the climate, similar 
conditions are found as on Ball and Lombok, 
though we have Inadequate Information. 

Braak^° records only a few particu- 
lars about the wind, borrowed from the re- 
port of Zollinger/' Rainfall figures over 
an adequately long period are available 
from only three stations: Tallwang In the 
west, In some degree to be compared with 
Mataram on Lombok and Tabanan on Ball, from 
Blma in the east, and from Soembawabesar 
( see Table 62) • 


Table 62 

DTSTBIBOTICIH OF BADirALL DURUG TBB «« OH BOTOm 


Place 


(Location) 


Tallwemg (West) 

Soembawa - 

beaar (North) 

Blma (North) Sast 


jEleratlon 
t above aea 
level In 
meters 


Number of| 
years of 
observa- 
tions 


15 

20 

2 


13 

21 

50 


Rainy 

days 

per 

year 


Jan. Fek. Har. Apr. Maj June July Aug. Sept. Oct. Mot. Deo. 


Rainfall 
per year 
1 In ram. 


Humid 

(wot) 

1 month D 


20H 128 180 MO 64 36 U 25 21 M6 180 227 

2H3 2H6 249 92 46 16 N 9 12 54 M I 210 

2M 208 191 182 60 54 14 11 12 ^6 126 219 


1305 

1300 

1262 


I Arid 
(dry) 

ImuiithE 


^ No 24 p. 210, up to and Including 1928; corroctod 

1 ir, u T Verh. Kon. Magn. teteor. Obs., Batavia, No. p. v 

1. J. Boorema, Rogonval In N. I., Vorn. aon. 

' with the BUheequently publUhed figures of 1929 «n4 WJO. 


containing. -The so-called "laterite crust" 
Is no pure product of leaching, for 31, Mg, 
Ca, Ha, and K are still a long ways from 
being all gone, and yet the content of 
T 102 has already increased more than 5 
times, that of AlaOs only 1-5 times, and 
that of FeaOs about 2 times. Here land- 
slides have occurred. The auglte from the 
tephrlte Is poor In 31 and T1 while strlk- 
Ingly rich in Pe, Al and Na. 

What has been noted relating to 
clastic rocks on Soembawa Is still too 
vague and meagre to go into here. Only 
the coral limestone reefs along the north- 
ern coast of the different parts of the 
island may be mentioned, although in soil 


For the entire Island these throw 
infall stations are of course not suttl- 
ent. For instance for the higher center 
' West Soembawa, against the southern 
opes of the volcanoes Sangenges^^Sedeke , 
Ld*Batoelanteh Zollinger states: The 

Ltoe Lanteh Is especially well watered...- 
le higher part of the mountain and the 
)uthwe3tern lower slopes are covered wit i 
jautlful forests.” Without doubt on these 
Lopes the rainfall Is greater, the dry 

Lme less strongly Pronounced. -Through 

Dvermature tropical high forest o ^ 
ashed on toward the top of Batoe Lanteh- 
ere attention should be called to t e 
hat from there he observed that In the 


40. C. Break, Hot cllmaat v.l?. I., 11, 5 {1929)> P* 

41. H. Zollinger, 1. c. », pp« 84-95 • 

42. L. c., p. 56* 


1^77, Verh. Kbn. Magn. Meteor. 


Ohe. No. 8. 
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center of West Soembawa "the mountain Atas 
Kalaus" (Kelawla) "is all covered with 
cogon"^^ "while the lower slopes of Batoe 
Besawak" (on the newer map named Olet Ber- 
sanak) "in many places are bare. "--If In 
18^8 that remote mountain land although 
extremely sparsely Inhabited was already 
like that, It must either be very Infer- 
tile, or else much less rain falls there. 
One Is Inclined to believe, according to 
the travel report of Zollinger, that the 
land eastwards of this, to straight south 
and southeast of Mt. Batoe Lanteh, Is a 
limestone mountain range full of sinks and 
hills, like Mt. Sewoe on Java. As a mat- 
ter of fact, he calls the Setemper moun- 
tains "a kind of high land which consists 
of hundreds of rounded and nipple -shaped 
hills. They are mostly covered with cogon, 
and there Is little water In the depres- 
sions lying between" ... "formerly on the 
hills there must have been much teak for- 
est. Nov It has almost all been cut 
off...." Hence there must be a region 
with an already marked dry season, besides 
perhaps a west monsoon with a considerable 
rainfall ♦ 

Still farther to the east, however, 
the country becomes suspiciously dry, par- 
ticularly In "the land of Laple (Lape), 
where fresh water never was to be found" 
.... finally on the north side of the 
Isthmus which connects west Soembawa with 
the eastern part, around Blma the climate 
changes to a true desert climate. However, 
on the southern side of the same Isthmus, 
only 10 to 20 km. broad, In consequence of 
the rising air currents which come from 
the sea, much more rain falls. A single 
glance at the map shows at once this dif- 
ference of climate. On the southern side 
are a number of small streams, on the 
northern side are many ravines, which dur- 
ing the west monsoon are Intermittent 
streams that In the southeast monsoon re- 
main completely dry. Zollinger’s descrip- 
tions coincide completely with this pic- 
ture. 

In short--we can no more correctly 
apeak of "the" climate of Soembawa than of 
"the" climate of Java. In general It can 
aald that In places with the most rainfall 


there Is perhaps more than 3 m., but pre- 
sumably yet never more than 4 m. while not 
more. than a few localities will have more 
than 2 m. But the number of localities 
with less than 1 m. will undoubtedly be 
still greater, especially along all slopes 
toward the north and northeast, and In low 
regions with mountainous land to the south- 
east . 


Wavs In Which Weathering Occurs 
and Resulting Soil Types 

Given the Inadequate geological- 
petrographic basis, and the equally still 
inadequate figures of climatological ob- 
servations, our discussion here Is bound 
to be quite vague and full of gaps. Also 
In the lack of even a single agricultural 
officer, the absence of any description of 
the agriculture by an administrative offi- 
cer Is sorely felt. And a few sporadic ob- 
servations which I made concerning the soil 
during a couple of short trips out from 
Soembawa-besar and from Blma, cannot make 
up for that. 

In general, the following may be 
said, with this proviso, however, that from 
the start practically every statement should 
have confirmation: Before the great erup- 
tion of Mt. Tambora In I815 apparently all 
the southwestern, southern, and southeast- 
ern slopes of the volcanoes were covered 
wHh brownish red lixivium from basic vol- 
canic material, relatively mature or sen- 
ile, varying In stage according to the 
length of time that these volcanoes had 
been quiet. Thereafter the soil on these 
slopes was more or less rejuvenated by the 
fresh Tambora ash. The slopes of the vol- 
cano, lying more to the north, especially 
those on the northeast, receive less rain, 
have a longer dry season and have there- 
fore made less’ headway In the Intermittent 
weathering (see Pig. 69, page 224). For 
this reason, and as a result of the less 
heavy erosion of the youngest ash, these 
northeastern slopes must be more juvenile, 
but at the same time drier. 

As on Soembawa, contrary to the 
conditions of Lombok and Central Java, 


^^3. (Ixaperata) spp.) 

^ 4 . L. c ., pp. 29-30 and 57 - 38 . 

45. L. 0 ., pp. 22-23. 
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Photo by Le Roiuc 

Fig. 69. Road along the East Coast of East Flores. In the background 
the 111 Mandlrl volcano. Dry monsoon. Similar stony landscape vlth a 
fev green and many bare trees la also found along the ascent vest from 
Mborong on the southern coast of West Flores, as well as along the 
northwestem coast of Soembawa, east from Oetan. (See page 236.) 


there are no great desposlta of pale, fine 
pumice stone material. There la also not 
much chance that there will be found upon 
this Island the corresponding heavy, black 
soils ( rantja mlnjak ) resulting from al- 
ternating weathering. It Is true that 
Elbert^® records a black soil: "In the 
higher parts (of the plain of Oetan) the 
Oetan river cuts the alluvial formations 
making steep banks. These are composed of 
a 1/2 to 1 m. thick cover of black, mol- 
lusk-rlch clay and in places vlth a block- 
beach conglomerate, whose large and small 
rounded stones are cemented together by 
loam and coral sand.’^ 

But obviously this black soil has 
been formed subaqueously, as a shore swamp, 
and thereafter upraised. The Ca present 
In It appears to constat of shell frag- 
ments; lime. ooncretlOhs are not recorded, 
although the climate should make their 


formation possible. In the neighborhood 
of Oetan the author found on patches of 
bare black soil, about 1 to 2 m. above sea 
level, efflorescences of gypsum and of 
some other salt. 

The lover one descends along 
the lover slopes of the volcanoes and 
finally Into the few small plains, the 
drier the climate Is, the smaller the part 
erosion plays. On the other hand, the 
greater the accession of fresh or scarcely 
weathered ash, the grayer Is the color of 
the ground. The moving of this fine sandy 
ash has by no means been accomplished ex- 
clusively by flowing water. On the con- 
trary, although quantitative studies have 
not been carried out, it appears that the 
wind plays at least as large a part In 
this. 

Regarding the region between Arapang 
and Lopoh Zollinger’s report of his tour 


L. 0. , p. k) of the reprint. 
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states : 

"in the neighborhood of Ampang one 
comes upon the dusty withered plain, which 
can best be described by the name 'desert.* 
The ground was so dry that It was spilt by 
thousands of cracks the width of the hand" 
(apparently It was a soil type with much 
clay, which was the cause of the strong 
shrinking). "The path between the two 
villages" (Ampang and Plampang, on the 
northern side of the southern Isthmus) 

"runs through the most monotonous land 
which one can picture. Almost always the 
route along the coast Is In a small plain 
which Is covered so deep with ash that 
the horses sink In to their knees. The 
east wind drives the ash In great clouds 
before It so that one can hardly see the 
rider In front of him, and man and beast 
suffer terribly from the heat, from the 
dust and, of course, also from thirst. 

The Brang Rea, the big river, was entirely 
dry (19 Aug. 184 y) • The water loses It- 
self In the sand. The coolies halted, dug 
deep holes In the sand In the bottom of 
which after a few moments they found 
water." Indeed, when here, one would not 
Imagine himself to be anywhere In the 
"girdle of emeralds "--the Netherlands 
Indies . 

Nor do conditions Improve farther | 
on. Regarding the route between Plambang | 
and Lopoh, Zollinger writes: "Along the 
foot of the Djaran Poessan there stretches 
a hilly region bare and barren, ... -nothing 
growing at all. The grass upon the slopes 
Is so withered that the yellow blades can 
be easily rubbed to dust between the fin- 
gers." The relative humidity of the air 
then must have fallen very low Indeed. 

But on the opposite side of the mountain 
ridge Into Soembawa-besar one gets back 
again Into a rather moist small plain. So 
do the conditions of soli and climate on 
Soembawa change almost suddenly within a 
3hort distance. 

Wliere marl and limestone occur- 
rences are mentioned, these rocks appear 
^3 a rule to be tuffaceous. Now whether 
the soil on these formations will be ex- 
clusively red lixivium (terra rossa) , as 
on Mt. Sewoe on Java, or black marl ground, 
^3 still to be learned. 


Evaluation and Utilization 
of the Soils 

If we, as In the Encyclopaedia of 
the Netherlands Indies, draw extensive 
parallels between Soembawa and Java, as 
concerning geological structure and cli- 
mate, then this question Intrudes itself: 
why Is there such a great difference In 
development between the two Islands as to 
agriculture, culture, density of popula- 
tion, etc.? 

In the first place Java has more 
plains; on Soembawa the low plains are 
small, and the mountains have few flat 
ridges or plateaus. Also, the rivers are 
short and their flow Is variable and un- 
certain. Therefore irrigation cannot as- 
sume such proportions as It has on Java. 

Even though It may be that the 
parent material of the soil may be just 
as good as in Java, the lack of regular 
supplies of water entirely alters the con- 
ditions. Water is "the" factor, upon which 
the agriculture stands or falls. 

The higher mountains have locali- 
ties where indeed enough rain falls, but 
in most cases the land there cannot be 
used, since It Is quite too rough (see 
Fig. 70, page 226). Wliere the topography 
Is flat enough, paddies or cultivated un- 
Irrlgated upland fields are found; this 
Is always so if the rainy season provides 
sufficient water. The people are quite 
willing and the soli is good. The devel- 
opment of agriculture of Soembawa is thus 
entirely a question of an adequate supply 
of water ; and this comes down to a ques- 
tion of a rigorous reforestation of those 
mountain slopes which are too steep to 
cultivate. And, further, the construction 
of many small Irrigation works is necessary 
for the checking of freshets in the wet 
season and for conservation of water for 
the dry season. 

In spite of all this, whole sub- 
districts drop out where there Is nothing 
to begin with. (For example, large parts 
of the north coast and east coast (see 
Fig. 71 , page 226), and the entire eastern 
wing of west Soembawa, particularly Brang- 
mojo, Illr, Lape, Lopok and the lowland of 
Plampang). It will be fortunate If stock 
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Photo by Mohr 

Fig, JO, EaBtem Soenibawa.— View from the road between Blma and 
Sape, at km. 7 looking over the carefully cultivated plain In the 
midst of rugged, very much dissected mountainous land. 



Photo by Mohr 

Fig. 71* toward th® west southwest of Soombawa’s northern 

coast, Just west of the bay of Blma. Park landscape; green, shrubby 
trees, brown dried grass, grayish black soil, almost uninhabited. 

In the rl^t distance Mt. Tambora, In the left distance the Soro- 
mandl mountains. 
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raising can be established and developed 
there. Whenever grass grows It Is cer- 
tainly nutritious, for the soil, mostly 
juvenile sandy Tambora ash. Is fertile 
enough. And, with reforestation, a related 
question for stock raising is the creating 
or regeneration of springs where the cattle 
In the long dry season can find drinking 
water. 

Given adequate water, rice and 
maize do well. Green beans and soy beans 
are limited to the lower, heavier loam and 
clay soils formerly raised up out of the 
sea. The fact that tobacco (for native 
use upon the Island) Is planted especially 
along the river banks, shows that the na- 
tives have learned through experience that 
this plant grows better on sandy alluvial 
loam land and with an adequate supply of 
water, than upon other soil types. 

Anyone who visits In rapid suc- 
cession West Soembawa and Blma Is struck 
by the especially careful manner In which 
the Blmanese tends his agricultural fields. 
Regarding this Du Croo^® says: "Through 
the greater density of population the 
people here feel much more severely the 
struggle for existence. They have to work 
In order to eat. In that respect the vil- 
lager of the western part of the Island Is 
In much easier circumstances. Because of 
this the Blmanese has come to be a good 
and Industrious farmer who devotes much 
care to his rice paddles and his secondary 
crops, which Is especially evident In the 
cultivation of onions, for this crop re- 
quires much work (see Fig. YO, page 226). 

Onions are for that matter a prof- 
itable export crop. Since onions are very 
exacting this also Indicates that the soli 
Is good and rich. (Cf. the Cherlbon region 
of Java. ) 

Also lumbang Is exported. The 
lumbang tree ( Aleurites moluccana (l) 

Willd) does not do well on poor land. It 
only need be recalled how on Java In the 
Kendal plain this tree Is found mostly 
^^long the southern edge of the plain, 

>^her 0 It profits from what Is washed off 
f'i'om the terrace lying behind along the 
steep wall on the higher ground. 


For that matter It appears quite 
sensible to expand Arablca coffee cultiva- 
tion on Soembawa on selected land above 
1,000 m. elevation. There soil, climate, 
and population appear a priori In all re- 
spects to be suitable for that. 

Meanwhile, whatever crop one may 
wish to encourage, It must never be for- 
gotten that almost everywhere on Soembawa 
a quite marked dry season of a few months 
occurs. Where this Is the case, trees 
such as teak and kapok which then lose 
their leaves are Indicated. And the pal- 
myra palm ( Borassus flabelllfer ) which re- 
sists drought well Is also at home In the 
dry regions. 

In the country back of Blma I saw 
here and there the hardy bushy cotton 
( Gossyplum herbaceum ), as also cotton 
spinning In the village. Because of the 
Importation of cheap (Japanese) cotton 
prints and thread the cultivation has de- 
clined. Perhaps It will revive again If 
an Indigenous cotton Industry will arise 
on Java. The staple Is short, although 
beaut 1 fully white . 

Summarizing we may say, however, 
that whatever crops may be cultivated, ex- 
tended or lntroduced--the future of Soem- 
bawa stands a chance of being very prom- 
ising, If the volcanoes remain dormant. 
Slowly, unobtrusively, without attracting 
attention to Itself by world-shaking 
achievements, this Island will develop 
Into a land In many ways fruitful and 
prosperous . 

* 


As an appendix to the preceding 
about Soembawa, let us add a few words 
about the Island P. Mojo to the north of It. 
Everywhere on the surface up to the highest 
point (about 600 m.)^^'’ Is found lime (coral 
reefs). On the basis of the study of rocks 
collected by Pannekoek van Rheden'"^ the 
strip of erupt Ives which he sketched along 
the northern edge has been divided by 
HiinerWvadel^ Into andesites and basalt. 


M. H. Du Croo, Cljfers en beschouv. betr. het eil- Soembawa., Kol. Stud. Ill (1919), p. ^91-612. 
Elbert, 1 . c ., p. 45. 

^ 1 * And presented to the Naturhlot. Museum at Basel. 

52 . P. M. HUnerwadel, 1. c . 
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Apart from that, the slightly hilly island 
in the form of a plateau, presumably for 
the greater part formerly covered with a 
layer of reef lime, was of course in l8lh 
strewn with Tambora ash. 

Now it is worthy of note that, 
independent of the underlying rock (whether 
andesite, basalt, limestone or ash) the dry 
climate prevailing everywhere on this 
nearly deforested Island permits only a 
savanna flora to come up. Lulofs^^ de- 
scribed it thus: "The vegetation has not 
the thickness and impenetrability of a 
true tropical forest. The trees and shrubs 
occur more scattered about, with open, 
grass-covered patches between them, so 
that the country, even without trails, may 
easily be traversed on foot, and even over 
great distances on horseback." This is 
the park landscape which may be seen from 
the sea, or expressed in a still better 
way; the tree steppe on this island re- 
minds one of the films of the African 
steppes. And, like the latter, is Inliab- 
ited by antelopes and other ruminants*, as 
well as pachyderas. So upon P. Mojo are 
found countless antelope, wild swine and 
wild Balinese cattle, which have taken on 
the airs of bantengs . Whether the soil is 
now developing in the direction of black 
earth or terra rossa is still an open ques- 
tion. It appears most probable that for 
the time being it is still a brownish dark 
gray. But because of the pervious, iron- 
rich parent material, in the course of a 
long time it will gradually go over into 
terra rossa. 


FLORES 

Soil-Forming Rocks 

If, with respect to the soil-form- 
ing rocks, we compare Flores with Java, 
there are found many points of striking 
similarity, but also points in which they 
distinctly differ. 

Flores, like Java, is for the 
greater part built up of volcanic products. 


The geological sketch map of Ehrat^** shows 
that, in 30 far as it concerns the moun- 
tainous land, there is as much or even morn 
of the rose color indicating young volcanic 
rocks, l.e. andesites and basalt, as the 
map of Verbeek and Fennema shows for Java. 
Nevertheless Ehrat with a separate color 
from that for the more basic indicates the 
more acid effuslves daclte and liparlte. 
Prom the standpoint of the pedologist such 
a separation can only be enthusiastically 
applauded. On the map of Verbeek and 
Fennema which is 30 years older "v" "voi- 
canlc") still includes basalts as well as 
the most acid effuslves of Java, such as 
for example, the Bantam white tuffs. In 
the most recently published geological ma])s 
of Java the same system of mapping has been 
followed, like also several sheets of the 
geological -petrographic map of Sumatra pub- 
lished in 193^+* For those interested In 
the soil, those maps have all of the advan- 
tages of the map of Ehrat, and even more. 
For example, Ehrat differentiated basic and 
acid "effuslves," but did not split the lat- 
ter mentioned effusive into "Lava which 
flowed out" and "Blown out loose products 
or efflatas," which later can again becono 
loose or solid tuffs. But these improve- 
ments are, however, on the Sumatra ma] s 
and fortunately also on the new Java sheets. 
If, however, a similar map of Flores should 
in due time Appear, the areas which at i res- 
ent are indicated with one color (rose) 
will probably be separated into three sub- 
groups, namely solid and loose basic prod- 
ucts, besides loose acid volcanic products. 
At present, however, such a separktion on 
the map Is not possible, as the data are 
still too scarce and inadequately de)llin 
Ited. It can only be said that on Flores 
not only V.a.I., and V.b.l., but also 
V.a.2 and V.b.2 are to be found and appear 
as soil forming material. But regarding 
the relative areas there is still very 
little which can at present be recorded. 

Yet it may be deemed probable that in 
Flores more acid effusives^^ lie on the 
surface than in Java. 

In the northern half of west Flores 


93. C. LulofB, Een land voor jagers., T. v. B. B., 32. (I9l6), p. l49. 

Belonging with: H. -Ehrat, G«ol. Mljnh. k. onderz. op. Floras, Jb. Mljnw. N. I., 54 (1925), pp. 221-11' 
(verech. In 1928), thoro also a bibliography of additional llteraturo. 

95 • See, for exajnplo, page 20 of this book. 
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Photo by Mohr 

Fig. 72 . Flores. Road along the Southern coast from Endeh toward 
Nangaroro, near Km. 16.— Pale, young tuff deposits; unconformity be- 
tween lower and upper strata. Layers of differing erodabillty. Sur- 
face weathered to a dusty grayish brownish black soil: V.a.I. — 


Me.Hr .ae ( 1-2). 

(Manggaral) there are great expanses 
marine sedimentary rocks; not only coral 
limestone and other limestones, but also 
marls with more or less clay and sand, 
besides globlgerlnas and other foramlnlf- 
era. Besides these sediments there occur 
submarine deposited dacltlc tuffs, as also 
numbers of Intermediate forms, which ac- 
cording to the analysis can without dif- 
ficulty be classified In Fig. Also 
westerly from Endeh are found similar ma- 
rine tuffaceous deposits. If one compares 
the shape of Flores with that of a fish. 

In the tall of it are tuffaceous deposits. 
The richer these deposits are In tuff ma- 
terial, the less the soil from them dif- 
fers from the soli of terrigenous tuffs 
(see Pig . 72 .above) . 

Although not covering large areas, 
tut still more than on Java, granite and 
granodiorlte occur In Flores, which in 
some places because of low amounts of 


quartz approach a dlorlte. Especially in 
the eastern part of Endeh district there 
Is a quite large complex of these rocks, 
with characteristic soils. 

Certainly the greatest difference 
however, between Java and Flores Is that 
the extensive lowlands, which form well 
nigh a third of Java, are almost lacking In 
Flores or are at most a few percent of the 
whole. Flores Is practically all mountains. 

Pannekoek van Rheden^^ on his geo- 
logical sketch map has surrounded Flores 
by the 100 fathom depth line, and one Is 
then struck by Its nearness to the coast, 
not only on the southern side, but also on 
the northern side. If the level of the sea 
should sink 100 m. the outline of Flores 
would change only little from Its present 
form. In the west and the east a couple 
of Islands would be united with it, but 
not more than that. Java on the contrary 
would become part of one large land. mass 


of 


56. The 80 -called Reo-formatlon. See: J. J. Pannekoek van Rheden, Overz. geograph, geolog. gegevene enz.. 
• ... Flores, Jb. Mljnw. N. I., ^ (1911), P* 208-226. With maps (1915)- —Since, from Manggaral no 
aatlsfaotory photographs were available, a few were included (Figs. 8 O- 85 ) of P. Rlntjah, an island 
which in all reapeots resombleB West Flores and as such will serve the purpose. 

5T. L. 0 . , pp, 212 and 213; 000 especially the map. 
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Table 63 


Name 

Pyroxene -andesite 

Labrador -andes it 0 

Labrador -andes it 0 

Origin 

Ndoea Ria 

East Endeh 

Kpg. Nggadja 
Southeast Endeh 

Bara volcano 
Southeast Endeh 

Own number. . . 

xvn 

xrx 

XX 

Analyzed by.. 

Lindner 

Lindner 

Lindner 

SlOo 

TIO2 

AI2O3 

FeO 

63.80 

2.23 

13.32 

3.29 

2.30 

33.32 

0.63 

17.42 

3.14 

3.35 

34.49 

1.25 

16.89 

4.88 

3.44 

MnO 

MgO 

CaO 

Na^O 

K2O 

0.2t 

2.23 

4.63» 

5.13 

1.33 

0.05 

3.30 

8.12 

2.47 

0.11 

0.04 

3.33 

8.49 

2.39 

0.94 

H2O + 

HfiO 

P2O3 

SO3 

1.3^ 

0.19 

0.18 

0.40 

0.36 

0.34 

0.13 

0.18 

0.87 

0.12 

0.28 

0 


99.60 

99.80 

99.67 


* +Ba0:0.70 

comprising the bottom of the Java sea, 
Borneo, Billiton, Bangka, Sumatra and 
Malacca. Java’s north coast would disap- 
pear. On the other hand, if the sea should 
rise 100 m. only small farts of Flores 
would be submerged, while of Java certainly 
more than l/3 would disappear under the 
sea, including all the fertile and densely 
populated low plains. East Java would be 
replaced by a number of separate Islands, 
the volcanoes. 

Thus the kinds of soils originating 
from alluvia or colluvia, play only a very 
subordinate role in Flores. The soil char- 
acteristics are related to the volcanic 
rocks. Of these may be given a few analy- 
ses which were not included in Part I. 
(see Table 63 above.) 


Sample XVII l3 a fairly acid rock, 
but possesses just as little quartz as do 
the two others; the high TiOg content 
strikes one, just as does the low 
content. This sample possesses no hyper- 
sthene, though the two last do. Sample^ 
XIX and XX are rich in Fe and Ca just aa 
XVII i3 poor in P2O5. The petrographic 
analyses do not record any apatite. 

Ehrat^® likewise reports little 
apatite for basalts and andesites; only 
the Papang granites of the northerly Ngada 
possess "frequently much apatite." Henc<' 
it is not improbable that, if many data 
were available, Flores, in general, will 
prove to be poor in phosphorus. 


M * * * * 


58. See: G. Back, Petrogr. Untere. an 
yi, L. c ., pp. 278-28^+. 


Geot. V. Sumbawa u. Flores 


N. Jb, f. Min. etc. Bell. Bd., ^ P* 
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Photo by Le Roux 

Fig. 73. Flores. Highland of Ngada with the volcano Ine Rle at the 
left and the Langa mountain range to the right. Deforested by Inhabi- 
tants; could be reforested, but each dry season the land Is again 
burned bare, which hinders the soli from becoming as good as It could 
be. 


Climate 

Since the highest mountains (vol- 
canoes) of Flores are only a little higher 
than 2,000 m. and none of them reach 2,400 
m., there Is no cold climate (Ko) In 
Flores. But the tropical climate of mod- 
erate temperature (Ma), to he found above 
1,000 m., occurs a great deal for there 
are quite large plateaus between about 800 
to 1,200 m. elevation, where at night It 
can become very cold and heavy fogs®° 
frequently occur. In the dry season the 
differences between day and night tempera- 
tures are very great. For the plateau of 
Badjava (see Pigs. 73 ” 75) an average air 
temperature of about 19° C Is recorded. If 
It be taken into consideration that apart 
from grasses there Is little vegetation 
here, and that moreover a large part Is 
arable land with a dark sufacq soil, then— 


since regular observational figures of 
soil temperatures are still lacklng--we 
may estimate the average soil temperature 
In the soil at from 22 to 28°C.®^ But In 
the thick clumps of bamboo, which are found 
In and around the villages, the average 
temperature will not go above 20° C and 
thus the climate will fall under Ha. Mean- 
while the greater part of Flores, Including 
the plateaus and slopes of the mountains, 
bare or sparsely covered with vegetation, 
remains warm and hot (He). 

Regarding the water movement In 
the soil It must be pointed out that the 
plateaus mentioned are in no sense as flat 
as, for example, the plain of Bandoeng In 
Java. Here In Flores there Is not much 
chance for water to stand on the surface 
of the soil, either continuously, or off 
and on for several months of the year. 
Everywhere the surface has quite sufficient 


6C. c. Braak, Hot KLimaat v. Nod. Indio, II, pp. 477-478* 
61. CQD?)aro Pt. I, pp. 42-45. 
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Photo by Lo Roux 

Fig. 7^* Ngada region, Flores. Looking southwest from Bed. Java to 
Ngada and the Wolo Atagal (right distance). Villages In bamboo groves. 
Well cared for cultivated fields, terraced. Surface soli dark brown- 
ish black. (See page ). 



Photo by L9 Roux 

Pig. 75. Northeast slope of the Ine Like, Ngada region, Flores. Com- 
pletely de forested by kalngln cultivation, fires, and severe dry 
seasons. Soil: dark brownish black layef oE on pale yellow E of V.I.— 
Na.Hr.ae, (2-3). Garden cultivation of potatoes among other crops. 
(See ^ages 236, 243, and 245.) 
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slope, so that adequate drainage Is pos- 
sible and thus, with few exceptions of 
some am or aq, most of the soils of Flores 
weather under ae conditions, thus with 
much air. 

Going into the rainfall , first of 
all the following figures (Table 64) are 
found; 


the southeast and east. In the southeast 
monsoon the slopes ascending toward the 
west to north are the only ones which re- 
ceive rain, the more as they lie higher. 
From the map it may be seen that the vil- 
lages all lie on the east side, and even 
high up close to the summits, or even a 
little way over the top of the ridges or 
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DlGraiBIJTION OF RAINFALL DtJRlJ«G THE YEAH, ON FLORES^ 


PUicfi 

(Location) 

Elevation 

above the 

eea , In 

me tare 

Numbor of 

years of 

observa- 

tlonB 

Rainy 

daya 

per 

your 

.Tar;. 

Fob. 

Mar . 

Al»r . 

May 

June 

July 

Au*?. 

Sept . 

Oct. 

Nov. 

Dec. 

Rainfall 

per year 

In mm. 

Humid 

(wet) 

months 

Arid 

(dry) 

mouths 

I/ibocmn Bail Jo 

Northwect coaet 

2 

1.5 

72 

ie.8 

163 

Ill 

(0 

42 

/y 

lo 

5 

11 

27 

62 

188 

eye 

4 

6 

p.v.;, 

North ooar.t 

59 

20 

88 

278 

349 

201 

(>0 

iib 

21 

lb 

24 

10 

16 

50 

192 

12:82 

4 

6 


Wouterii hl^Jilancl 


18 

ITft 

408 

439 

528 

394 

182 

104 

96 


lOB 

263 

368 

416 

5448 

10 

0 

Bad Java 

Cantral hlpiiland 

12h0 

?0 

110 

415 

378 

310 

185 

96 

56 

i>7 

Jj 

IG 

4b 

167 

374 

2109 

6 

5 

F.::-loh 

Central aouthern 

coaet 


20 


ISO 

158 

167 

77 

19 

41 

4L 

19 

39 

671 

132 

176 

11.50 

5 

5 

I/' la 

Soathuftst coaet 

2 

8 

79 

143 

168 

187 

105 

55 

lb 

2b 

29 

7 

52 

80 

214 

lO&t- 

5 

6 

M^rtanifirn 

Northern coaet 

2 

;?t; 


157 

168 

159 

V 

4it 

27 

12 

9 

b 

25 

78 

175 

■■»60 

4 

6 

Nan^ffihal 0 

Northern connt 

2 

9 

79 

46b 

475 

290 

218 

74 

11 

b 

5 

2 

22 

78 

349 

1980 

5 

5 

Ldrfuitoflkfl 

Eafltorn coast 


26 

79 

24b 

24b 

188 

109 

47 

22 

12 

7 

6 

37 

105 

180 

1207 

6 

6 


1. Rslnfnll figures , tnkon from Verb. of tfte Kon. Magii. Meteor. Obu. Batavia, p. 210, up to and Including 1928 and corrected vlth the data 
for 1928 aitd 19^0. Lat^r wflre not yet available. 


These figures are still somewhat 
Irregular averages since for several sta- 
tions they run for but 8 or 9 years. But 
if one first keeps in mind the coastal 
places, the general impression is quite 
definite, namely, there prevails a distinct 
dry season, and an equally distinct wet 
season. In general, except at Roeteng, 
there are at least 3 dry months, usually 
more. Everywhere there are at least 4 wet 
months. At Roeteng, however, there are 
fully 10. 

In this list Roeteng occupies an 
exceptional place. And it appears the 
reason for this unusually heavy rainfall 
la that true ascending- air- current rains 
occur. The wind comes from but two direc- 
tions, from the southeast in the dry mon- 
soon and from the west northwest in the 
vet one. In the rainy season the wind 
near Laboean Bad jo loses but little mois- 
ture, since those mountains are still low. 
Once the wind is but across them and 
I'eachea higher land, then it must bring 
'^nch rain to that latter place. In Nanga- 
in the east on the northern coast it 
f^nst also rain harder than at Reo or Maoe- 
t^ere, since higher mountains lie behind In 


mountains which from the northeast run 
southwest toward the south coast. But of 
the valleys extending from the north to- 
ward the south or from the northeast to- 
ward the southwest the west-facing slopes 
and sides running up toward the east are 
extremely scantily covered with vegetation 
and very sparsely inhabited (see Figs. 76, 
77, page 234, and Fig. 78, page 233)- In 
a word: no rain, no vegetation, no people. 

If in due time Flores is more 
thickly populated euid developed, perhaps 
there can be a density of rainfall observa- 
tions as there is now on Java. Then a map 
of Flores like Fig. 6 will apparently indi- 
cate some very remarkable features. One 
may, expect that points will be found where 
still more rain falls than at Roeteng. And 
others will be found where it rains much 
less than at Maoemere. Preabumably for 
example, P. Padas Island (see Fig. 79, page 
233) is a possibility for such a minimum 
figure, as well as the back country of 
Almere on the southern coast (see Figs. jS 
and 77, page 23^), for this valley lies as 
much toward the west northwest as toward 
the southeast in the lee. In connection 
with the Irrigation of the valleys see 




Photo hy 0. Horst 

Fig. 76. South Flores. — The Bay of Almere, with in the distance the 
volcano Ine Rle. In front of It (left) the Langa Mts. This side of 
them the dry ridges, covered only with grasses (see Fig. 77) drop- 
ping down toward Almere, on the coast. On the right a big sand bank 
with nothing else than palmyra paljis ( Borassus flabelllfer ) . Fore- 
ground: slope ascending toward the south, molster, with more forest. 



Photo by Mohr 

Fig. 77. Along the road from Bad Java dropping down toward Almere, 
Bouthem Florea. Uninhabited, lower elopea, Andropogon contorsum In 
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Photo by Le Roux 

Fig. 78. Central Flores. The (extinct) volcano Gell Ndora In the 
Naga region carries forest on the top. Lover down the forest struggles 
against kalftglnlng and burning by the natives. 



Fig. 79. The smaller Soenda Islands. Padar Island, Llntah Strait 
looking out toward the east northeast.— At less than 9 ° South Lati- 
tude the rocks are bare, because of the Intense dry seasons. 
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page ?44. 

In localities a3 Roeteng it is ob- 
vious that HN or nn should be used to indi- 
cate a continuous leaching out of the soil. 
But for practically almost all of the rest 
of Flores, however, the symbol is Hr or 
nvv, (intermittent leaching out). 

The vegetation exhibits all forms 
from moist rain forest, park landscape, and 
savanna with trees to treeless savanna. 

The trees which can withstand the rainless 
period the longest are palmyra palms (Bo- 
rassus flabellifer ) and a few dwarf trees 
and shrubs, which moreover because of the 
nature of their bark are capable of with- 
standing the fires in the dried grass 
which repeatedly occur. Yet the following 
rainy season they are able to burst into 
leaf (see Figs. 69 , 75, 77, 78, and 80-84). 


Ways in Which Weathering Occurs and 
Resulting Soil Types 

Prom the foregoing it follows that 
the most important forms of weathering for 
Flores must be: He.Nr.ae and (He to Ma) . 
HH.ae, the latter particularly on continu- 
ously rainy mountain slopes. Since V.a 
and Y.b have been supplied alternately by 
the various points of eruption, with much 
efflata ( l) and a few lava streams lying 
on the surface (2), the formula which pre- 
dominate? over all others is V . 1 --He . Nr , ae 
( 1 - 5 ). 

In order to test this satisfactor- 
ily, we should have at our disposal at 
least one or more detailed soil descrip- 
tions from Flores. Thus far however these 
are lacking. It is true that in some pub- 
lications®^ which treat of Flores alone or 
of Flores among others, a few sentences 
are to be found which give some sugges- 
tions as to the nature of the soil. In 
addition the notes I took during my trav- 
els in Flores in 1931 are at hand. As in- 
structed by the Colonial Institute, I 
travelled from Endeh eastwards to Maoemere, 
and westwards a long ways north beyond 
Roeteng. The following is a summary of 
the data we now have about Flores soils. j 

Prom the standpoint of the soil I 
the division of Flores from the west to- j 
wards the east into the 9 political ! 


subdivisions: Manggaral, Ngada, Endeh, Maoe- 
mere and Larantoeka, is inadequate. More 
Important for our purposes is the watershed 
between the north and the south, which with 
a few bends runs along the entire Island 
from west to east, and splits the first 
mentioned 4 subdivisions into northern 
and southern parts. The volcanoes, approxi- 
mately a dozen, which today still have the 
reputation of being active, all lie on or 
to the south of this watershed. 

In south Manggaral, which geologi- 
cally is young volcanic, the volcanic 
activity, seen from the standpoint of soil 
science, appears to have ceased a consid- 
erable time ago. This is because the cli- 
mate, especially due to sufficient rains, 
has occasioned a good deal of weathering. 
For example, the small plain of Mborong, 
lying on the southern coast, since It re- 
tains considerable moisture, and at the 
same time receives additions underground 
from the back country, is covered with 
high swamp vegetation. Now if we ascend 
from this plain toward the north, we pass 
through and along all forms of soil and 
vegetation, which in the whole south of 
West Flores again and again repeat them- 
selves (see Figs. 76, 77> 80, and 82). As 
soon as we have ascended but a few meters 
out of this plain, we find ourselves (in 
July!) on barren, dry land, where scarcely 
enough dried grass stands to be able to 
burn off. The soil is dusty, pale, juven- 
ile. Originally It was calcareous, since 
here are elevated coral reefs, alternating 
with old, but almost unweathered layers of 
ash. A distinct profile cannot develop 
here, for in the dry monsoon the wind blows 
over the surface and carries everything 
away and in the rainy season the rain 
erodes off the bare surface, before any 
protecting vegetation develops on it. Tlnu) 
nothing but some miserable grass grows. 
people live here, --not even a single villaj^f^ 
is to be found. Along a ridge running 
north and south the road rises higher and 
higher, now for a time remaining east, then 
moving west of the summit. At a couple of 
hundred meters elevation appear isolated 
separate little dwarfed trees and shrubs, 
then follow groups of them (see Fig. 69). 
The difference between the eastern and 
western sides is remarkable. For a 


62. See Ehrat, Pannekoek van Rhoden, Elbert and others. 
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Photo by Lo Roux 

Fig. 80, Rlntja Island, near Floros. Vegetation of grasses and 
palmyra palms ( Borassus flabelllfor ) (savanna cllmatel). In the dis- 
tance are Padar and Komodo Islands in Lintah Strait. 



Photo by 0. Horst 

Fig. 8l Rlntja Island near Flores.— Climate with severe annual 
drought. Slopes bare. Low plain with good forest. 
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Photo hy 0. Horst 

Fig. 82. West FI or 06 .— Hint Ja Island. — Heavy water and wind erosion, 
owing to which hardly any soil Is left behind. — Uninhabited region 
(no water). (See pages 229, 233-36.) 



Photo by 0. Horet 

Fig. 83. West Flores.— Hint Ja Island. In spite of the long continued, 
strong, dry monsoon, where there la water as along the coast or In de- 
proeslons, forest grows. Elsewhere only- savanna on the pervious cal- 
careous tuffs. (See pages 229, 233 ,) 
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Photo by Le Roux 

Fig. 8n, Central Flores.-- -East Endeh region.— Mboell mountains. — 
From the very rough tuff slopes much fertile surface soli has been 
eroded off Into the ravines; cocos are growing everywhere on the lower 
elopes. 




Photo by Mohr 

Fig. 85. Panorama somewhat south of Boawal taken from the highway 
looking north northwest over the valley of the Lowo Glo, Ngada region, 
Central Flores. Juvenile, pale brown soil on slightly acid young 
tuffs: V.s.l. --He. Hr.se 1/2. Cabo negro palms ( Arenga saccharlfera 
Lablll) preponderate in all the little ravines. 
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considerable distance the slopes facing 
toward the east continue to be savanna, 
while those facing west exhibit spots of 
forest. Still higher between the patches 
of forest, cultivated spots begin to appear, 
while on the eastern side all areas are un- 
touched and uninhabited. Then on the west- 
ern side villages begin to appear; easter- 
ly there Is still nothing. Near Slta vil- 
lage, at perhaps 400 to 500 m. elevation, 
from the road cut through the summit of the 
mountain ridge It appears that the soil has 
already gone beyond the weathering stage 
Nr.ae (1-2) to Hr.ae (3-4). The humous 
surface soil oE Is very little developed, 
most times practically wanting. E Is 
light brownish red, a tolerably heavy lixi- 
vium, In some places as much as several 
meters thick. Lying under that there Is a 
layer, which Is best designated by V.2 — 

He. Hr.ae. 2. Coarse rocks (moderately acid 
andesite) In an already reddish brown oxi- 
dized soil In a transitional stage from D 
toward E. That here no white clay layer 
has developed under the layer E will prob- 
ably have to be ascribed to the steep 
slopes and rapid run off of the rainfall. 

Going still higher, above 1,000 m., 
beautiful luxuriant forest Is found. A 
good example Is around the little lake Rana 
Mese. This Is a "blow hole," like several 
which lie on the mantle of Mt. Lamongan on 
Java. The lixivium E has now changed from 
a reddish brown to a more yellowish brown. 
V.b, appears to incline toward V.a: Hr 
going over Into HH and He Into Ma, so that 
the formula becomes; V. a--Ma.HH . ae (2-3). 
Here In the forest on E lies a clear, some- 
times 1 ft. thick layer o£ of dark brown 
color, very rich In humus and crumbly. -- 
Going out from the forest on down again to- 
ward the nearly bare plain of Roeteng, the 
following transitions are observed; oE be- 
comes somewhat thinner, but more brownish 
black, E also becomes thinner and paler, 
brownish yellow to yellowish white. This 
lies on 0, which sometimes has many stones, 
and sometimes contains considerable smaller 
and porous gravel, almost pumice stone. 

The lixivium E exhibits clearly the "moun- 
tain granulation" (see page 150 ). 

To the south of the great divide 
the picture sketched here repeats Itself 

63. Imperata epp. 

6H. Saccharum epontaneum L. 


on Flores several times so that even for 
places which were not personally visited, 
the soli can be described rather definite- 
ly. Local variations with respect to the 
parent rocks, climate, vegetation and stage 
of weathering, will, however, have to be 
considered. 

Speaking generally, after surveying 
the whole, we come to this conclusion; 
where adequate rain falls, and especially 
where It rains continuously, the surface 
soil Is weathered to stage 3-4, while where 
the dry monsoon Is long and hot usually 
stage 1-2 has been reached. Since the par- 
ent rock Is not above the average In rich- 
ness, and Is usually somewhat toward the 
acid side. It Is but seldom that we find 
the combination wherein a luxuriant vegeta- 
tatlon accompanies a long continued fer- 
tility. Something Is always lacking . 
Either the rocks possess too little P, or 
the soil throughout the year Is considered 
too dry, or the soil Is already too senile 
as a result of heavy rainfall. The last 
case can be very clearly observed In the 
strip to the north of Roeteng and nearly to 
Pagal. 

Here we come to the older terrain, 
namely the already barely mentioned Terti- 
ary Reo formation, which apparently In geo- 
logically Recent time has not been covered 
by fresh volcanic products. The soil Is 
thus already old as soil. Under a prac- 
tically treeless cogon®^ and talahlb^"^ grass 
plain lies red lixivium; V--(He-Ma ).HH .ae 
(1-5). The profile consists of a very thin 
layer oE. This is underlain by a heavy rt.'d 
horizon E, which sometimes decreases in 
thickness from 2 m. to almost nothing. 

Next below Is the "mottled clay" I 2 , red- 
dish to bluish white with red flecks, with 
Iron concretions ( I3) above It. Under It 
are many fragments of chalcedony h, thia 
horizon being the residues of the silicic 
acid precipitation during the early stages 
of the weathering process. If this pro- 
file sketch be compared with the Front I3- 
plece A, then It will be seen that the la::it 
part of stage 4 has been reached and even 
stage 5. This also explains the poor vege- 
tation, which probably obtains the Inor- 
ganic food substances It needs from the 
dust carried In between the showers by tdie 
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dry wind from the southeast .( see Fig. 66). 
If we consider the colored profile of 
Vageler^'^ of a "laterlte-red-earth, " the 
profiles to the north of Roenteng are In 
agreement with that hut yet some differ- 
ences exist. According to Vageler the or- 
ganic matter In the red earth E amounts to 
only 1/2 to 1 1/2^;^, which certainly Is not 
much. But the Iron concretions between 
the white clay and the red earth are lack- 
ing and occur only on the surface. How- 
ever, according to Vageler ‘3 description, 
his profile Is one which has developed 
under an entirely different climate. 

In this connection It is worth 
while to consider what Ehrat*^^' who, except 
for this, carefully shuns every observa- 
tion relating to the soil, records relating 
to the occurrence of Iron ore In Flores. 

At a number of places in North Ngada, In 
Manggaral, on P. Rlntja and P. Komodo these 
Iron ores 0(!cur. "The limestone mountain 
Wolo Besl, near Pa].'an^^, has Iron ore on its 
two peaks. "--"On Wolo Bopo. . . . l.hore Is 
likewise a small occurrence of Iron ofe."-- 
"On Wolo Akoer .... there extends along the 
top and the western mountain slo’- es over an 
extent of about 300 x 80 m. a field of Iron 
ore blocks . "--"To the north of Soa in the 
drainage of the 3tre.amn Wal Hero and Wal 

Mere there Is a llmonite occurrence 

It Is nothing else but a weathering prod- 
uct, in layer form and In crusts originat- 
ing out of the tuff layers .... the possibil- 
ity Is excluded that this llmonite might 
ti-ive originated as a ferrui^lnous cap from 
oulflde ore veins." 

Ai'art from this, however, these 
minerals which accompany Iron ore- -quartz, 
chalcedony, manganese sui^eroxlde, and In 
fiddltlon pyrlte and copper ores induce 
Khrat to accept, for the origin of all 
th.ese minerals, a contact metamorphosis. 

Pc)r some of the occurrences I will gladly 
accept this method of formation, but there 
other materials which, based u]'On what 
has been discussed In Part I, are more evl- 
hently to be considered as weatherlnfi prod- 
ucts, namely as concretions (la) of the 


above profiles described for Manggaral 
( chalcedony, quartz ) . 

Elsewhere on this Reo fop:’matlon, 
presumably where these marine deposits 
developed less from fresh volcanic material 
than from clay and lime, the weathering Is 
characterized not so much by MN or nn, but 
by nvv, and the soil Is black . Already In 
1891 the Controller Meerburg^^ recorded: 
"The small plain at the foot of the Golo 
Namoe" (indicated on the topographic map 
of 1928 as G. Tjode), one hour to the south 
west of Tjlba, has four .... creeks flowing 
through It, but they give no fertility to 
the black and red earth." Also on the pla- 
teau of Roetd (Roeteng) "it happens that 
a few shallow brooks bestow on the land no 
fertility, for the plain Is covered only 
by cogon."®^ Forty years later the aspect 
was not much more favorable. Meerburg 
states (page 478) : "There in the center of 
the land all tree growth Is lacking. Pred- 
atory cultivation upon a big scale must 
have occurred there since Immemorial times. 
This, perhaps. Is just. It Is still a ques 
tlon, however, whether this Is the whole 
truth, for It Is not at all Improbable that 
since time Immemorial the soil has been too 
poor to grow a thrifty forest. 

Notable also Is the remark of Meer- 
burg (page 479); "Lowland rice culture Is 
unknown in Manggaral; only around Reo is 
It carried cwi." That also Indicates not 
only an extraordinary senility of the soli, 
but at the same time the poverty of the 
water of the region. 




Located In the center of Ngada are 
the plains of Soa and Lambo, with a soli 
wlilch differs from the general picture for 
Flores. If these plains are crossed from 
the south toward the north, then the brown- 
ish yellow soil, covered with a blackish 
brown surface soil, Is seen to gradually 
change Into the familiar black of V.a.I.-- 


P. Vageler, An Introduction to trcplcsl coilo, translated by H. Groene (London, 1953), Plate VIII, 
Pacing p. 166 . 

Ehrat, 1. c. , pp. 30?-507. 

'I‘ W. Meerburg, Beschr. Mid don -Manggaral (W. Flores), T. sclir . Ind. Taal-, Land- en Volk, k., 34, 
( 1801 )^ p. 45 H ff., oepeclally p. 438. 

(imperata spp.). 
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He.nvv.am (3-4). Panne koek van Rheden®^ 

described the parent material thus: "A 
well layered complex of light yellow, very 
fine granular soft tuffs with many layers 
..of lapllll and volcanic sand lying betVeen. 
Here and there this stone resembles marl, 
still the lime content remains very small.'' 
Van Rheden considers it "not Improbable 
that this' complex was deposited In a fresh 
water basin. "--Without wishing to discuss 
further this hypotheses I may add that the 
position of the originally flat soil has 
been considerably altered technically for 
now rielthor plain Is by any means horizontal 
and near Djawawawo, near the Almere river 
and the locality of the "Lambo" plantation 
the black soil exhibits similar undulations 
as does a similar soil in East Java. It Is 
just the same heavy, cracking, black clay 
soil, only probably much poorer in plant 
food substances than Its relatives on Java, 
Madoera, and South Lombok. A few small 
lime and Iron concretions occur In It. 

The thickness of the black layer varies 
from 2 to 6 meters. 


« 


If one rides out from Endeh, and 
after crossing a few kilometers of sea and 
river alluvium planted to coconuts, con- 
tinues toward Maoemere, one passes first 
an extraordinarily rough volcanic region 
of andesitic rocks with as a whole only 
little soil on the steep slopes (see Fig. 
84). At about km. post 28 the "plain" 
of Noetoesoko Is reached, which In compari- 
son with the Inliospl table, rocky t,erraln 
just passed might be called a plain, though 
in comparison with true flat land It is 
rather an undulating broad valley. Here 
the soil Is deeper- Here and there a dark 
crumbly layer o£ of a foot depth lies upon 
a warm brown subsoil. This soil formation 
continues to about Wologal. To the left 
on the other side of the Lowo Rla on a 
bare ridge parallel to it, running from the 
southwest toward the northeast, may bo seen 
an entirely different soil. It Is pale red 
In color and has arenga palms ( Arenga 
plnnata (Wurmb) Merr.) scattered over It. 
South of this river these palms occur but 


very sporadically. Whether under this rod 
soil, which is unusual for this part of 
Flores, is a granite or some other diver- 
gent rock, cannot now be made out. Geo- 
logically this region has not yet been In- 
vestigated. On his map Ehrat leaves this 
locality white. 

On the saddle of Wologal the road 
cuts into pale tuffs. The soil Is thin, 
and judging by the vegetation, it Is only 
slightly fertile. Perhaps It Is also not, 
ablo to retain sufficient water. In the 
small plain of Pamoerla, near Noetoesoko 
the soil is better. It Is a brown 11x1 vl 
urn with dark cultivated surface soil. De- 
scending from Wologal toward the plain of 
Moenl through the Wolowaroe valley and 
then up again to Tabaweo, the road runs 
through a large body of granodlorlto . 

This rock carries a weathering cover o.f 
•brownish yellow lixivium (E) with a layer 
oE for the most, part quite thin, and of 
somewhat darker tint. Wliere E Is shaJlov, 
from 1 to 2 m. deep, the soil is crumbi.y. 
Wliere £ Is some meters deep, the soil Is 
more senile, more massive, and heavier. 

The fertility hero is not bad, but the 
rough topography retards ttie develojiment 
of a luxuriant vegetation, since the 
nal vegetative cover has boon all kalngdr*'-' t 
off In the course of shifting cultivation. 
Beyond this region we again find poor palo 
t.uffs which extend to Liatola on the coast. 
As far as Paga the tuff region is mlserat.iy 
dry, thougli beyond there It Improves a 
little. The Kimang-Boelong mountains stn.c, 
to be of better andesite, for the tuff s'lnd 
banks south and southeast of It are covered 
with productive coconuts to the to[is oi’ 
quite steep ridges and small plateaus. in 
spite of the dry climate these banks and 
ridges must conserve adequate moisture rren" 
the rainy season of a half year before in 
order ^ to provide the t.rees with adequate- 
moisture. It Is true that In the lillly 
land, around Nlta for example, there Is 
somewhat more rain. But over the rldgp. 
going down toward Maoemere the rain be- 
comes less and less. 

Then the grayish brown tul’f saiifl,. 
soli of the coc.jnut region gradually 
changes to a black soil upon an almost, nn- 
weathered grayish subsoil of tuff sand acd 
gravel. This dusty black soli, looks itl'-'' 
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the soil of the saddle between the Idjen 
and the Baloeran mountains In East Java, 
hut Is full of lime concretions. The par- 
ent material Is quite basic andesite, hav- 
ing come In as a lahar from the vest and 
southwest. Hence the formula Is: V.b. 

(I- + -2 )--He . NS . ae (I to 2). Actually I 
saw this soil type only In the environs of 
the Nita-Maoemere road (see Fig. 26, page 
156 ). But to the north of the divide it 
almost certainly stretches out far toward 
both the west and the east. 

If more rain fell, the fertility of 
this region would be greater, but few trees 
and shrubs can stand a dry season of some- 
times over 7 to 8 months. The soli reac- 
tion Is without doubt on the alkaline side, 
at least In the dry season. More toward 
the sea, thus back of Maoemore, the soil 
becomes somewhat richer In clay, hence. 

He. nvv . am .2. Here tobacco Is growing, on 
this soil, and the plants look quite vigor- 
ous, even after a three months* dry season. 


Evaluation and Utilization 
of the Soils 

An observation already made (pag(j 
240) may be stated In different words: 
where enough rain falls, the soil Is not 
rich, and where the soil Is rich, enough 
rain does not fall In Flores. This Is 
parently not a very favorable prognosis for 
the develonment of the Island as an agri- 
cultural region. The situation is not 
hopeless, for man can, by means of techni- 
cal skill, turn unfavorable factors Into 
favorable ones. But the present day In- 
habitants of Flores cannot yet do t-hls. 

Up to now the agriculture on this 
island Is, for the greater part, primitive. 
The agricultural knowledge and teclinlque 
of the Hindus which have proved so satis- 
factory on Ball and Vest Lombok, have not 
lenetrated to Flores. Here the Inliabltants 
^tlll practice principally kaln^tln cultlva - 
a form of crop production which may 
he defended to a certain extent for regions 
vith a very thinly-scattered population. 
This system Is also better adapted to a 
climate with so much rain that after the 
abandonment of the kalnglns, natural for- 
mat grows up again, until at a certain 
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height It can protect Itself. But on the 
greater part of Flores with Its long dry 
periods, on an abandoned kalflgln only a 
thin vegetation of grasses will grow whicii 
will frequently burn off or Is Intention- 
ally burned off (see Fig. 75)- Here the 
soil Is further Impoverished by this treat- 
ment and as It lies bare It Is robbed of 
the most valuable part of Its cultivable 
soil, by water erosion or wind erosion. 

If we accept the estimate that the forests 
of Flores now amount to only about 10'^ of 
the total area, then there are not more 
than 10 ha. forest for 56 people. A great 
deal of this occupies the high peaks or 
Inaccessible slopes. It will not be too 
far from the truth to estimate an average 
of approximately one hectare of still ac- 
cessible forest ] er family. That Is not 
much for a kalnglnlng people! In reality 
the new clearings are by no means mostly 
made on forest land; Instead a large part 
are on cogon land. And from such land 
rlcii iiarvests are not to be expected. Cor- 
rectly the Assistant Resident G. A. Bosse- 
laar writes "tiiat with the methods of 
cultivation followed at present good arable 
soils are scarce. As a consequence. In the 
future the T'Opulation of Flores Is menaced 
by the probahllity of arriving at an Im - 
passe , which will bring with It very dis- 
agreeable consequences . " 

The only solution Is increasing the 
Intensiveness of the agriculture, by which 
means an average iiigher harvest per unit 
of area can be obtained. Then the kalngln 
"cult 1 vat Ic'-r." will have to make way for 
fields continuously In cultivation, and 
this is possible only through assurance of 
a source of Irrigation water, In tiie local- 
ities with ricli, but as a rule too dry 
ground. In the tracts with adequate water 
hut poor, senile soils, it Is only possible 
through fertilization. But Irrigation and 
fertilization, however, cost money. Hence 
Flores will have to begin with an export 
of excess agricultural products. It is up 
to the agriculturists and economists to 
solve this question. 

Here the only question is: is irri- 
gation poss Ible ?--From the teclinlcal point 
of view It most certainly is possible; but 
whether It Is also practicable economically, 
Is quite another question. At present In 


TO. Mem. y. Ovorgavo, 10 Febr. IO 52 , p, 20. 
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many broad valleys of the island the condi- 
tion is this: The excessive rain of 4 to 5 
months runs off with great speed from the 
bare slopes toward the sea. In two differ- 
ent ways this water might be held back. 
Firstly through a slow but continual de- 
scent of the afforestation downward from 
the tops of the mountains to the bottom; 
the beneficial Influence of such an in- 
crease in the forest certainly does not 
need to be stated here. Secondly, however, 
by making use of the loose stones occur- 
ring in so very many places in such great 
quantity on the higher lands, build up 
terrace walls of approximately 1 m. height 
running horizontally, and in this way in- 
duce a natural terracing of the land. Cer- 
tainly behind these little walls, soil 
eroded from higher points will accumulate 
by itself , and become good arable land. 

At the same time the speed of' the water is 
reduced, hence more of it penetrates into 
the soil. Thereafter favorable spots can 
be irrigated in a simple fashion and so 
perhaps make a beginning in lowland rice 
culture In localities where, up to the 
present time, it is lacking. 

But to immediately consider larger 
irrigation works --apart from the diffi- 
culty of the high C03t--may certainly be 
considered as premature. The Inhabitants 
of Flores are neither Balinese nor Torad- 
jas. In general, they still have a great 
many things to learn before they are as 
advanced as those people. The agricultur- 
al Extension Service finds In Fiores a 
field of endeavor with a very attractive 
perspective. But excessive haste in plac- 
ing good irrigable land at the disposal of 
the farmers would most p>robably lead to 
dlsapf'-ointment . Flores should not be com- 
t.ared directly with certain regions of 
.Java or Sumatra, for some differences must 
of course be taken into consideration: 

1 st in the parts of Flores suited for 
raising rice or maize the i^aront rock of 
the soil is i robably different (perhai^s 
distinctly i oorer in phosphorus) than In 
Java; 2nd, the topography, in general, is 
very much rougher and large plains are 
lacking, so that one really finds oneself 
among Irrigated mountain rice terraces, 
with short rivers in their rear, and ^rd 
dry monsoons are more pronounced than at 


the same elevation in Java. 

In the high region of abundant rain 
about Roeteng in Manggaral, there is an- 
other problem: much water, but poor land. 

We have already quoted (page 24l) Meer- 
burg’s observation:^^ "The small plain at 
the foot of the Golo Namoe has four creeks 
flowing through it, but they Impart no 
fertility to the black and red soil." Evi- 
dently fertilization is necessary. We 
think at once of stable manure. It is true 
that as compared with East Flores, Manggaral 
has a larger number of live stock, cattle, 
carabao, and horses, but even West Flores 
has not as many cattle as Madoera. Yet 
every little bit of manure helps, particu- 
larly If it is properly conserved. Commer- 
cial fertilizers are too expensive as long 
as no high value export crops are raised 
with success. Not unlikely in a more dis- 
tant or perhaps already near future, it is 
possible to extend and increase the inten- 
sity of potato and (arabica) coffee culti- 
vation, in the higher regions. 

In addition to the small coastal 
plains which have an adequate quantity of 
water In the soil, as can be seen in wells 
or pits at shallow depth, a successful c^- 
conut culture Is found in the very rough, 
hilly tuff country to the south of Maoe- 
mere. In the middle of the dry season it 
is a wonderful sight to see the trees in 
full flower and with a full crop of nuts 
standing on this sandy tuff, sometimes 
right up to the edge of steep slopes. 
Apparently in the rainy season this tuff 
is in a condition to take up adequate 
moisture and to store it up, so that the 
roots of the cocos are well supplied durlnf 
the entire dry monsoon. Because of this, 
the environs of Nita can be called very 
fertile. If in the many larger and smal] - 
er valleys to the south of the main water- 
shed which runs through Flores from the 
east to the west, river water could be 
brought onto the soil near the rivers, 
then without doubt great fertility should 
be produced where at present thick cloud:J 
of dust are blown up from hopelessly dry 
fields . 

Flores shows promise for other 
crops than coconuts, for example, kapok . 
This crop does well on small plots of 
ground, door yards for example. Moreover 


71 . L. c., p. 438. 
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It should be planted in such a way that the 
trees are widely separated from each other 
and obtain adequate moisture In the dry 
season. It does best on brown lixivium or 
on grayish brown juvenile tuff soils. 

That kapolc however does not succeed 
everywhere on Flores, appears from this ex- 
ample; On the Lambo estate, In Ngada, some 
kapok was growing as an experimental plant- 
ing, on black soil; V. a . I --He . nvv . (3-4), 
but It was not successful. The little trees 
apparently suffered a lack of everything. 
Even In the rainy season they didn't make 
any progress. Thus a lack of water was cer- 
tainly not the principal factor. Presumably 
P, K and N were all lacking, as the dwarfish 
growth and yellow leaves might Indicate. 
After having seen the test jjlantlngs of 
rubber (small, thin, poor), coffee (many 
yellow leaves and very little fruit) and 
sisal (short and lank), I could not sup- 
press the Impression that the land was ex- 
traordinarily poor, and without heavy com- 
plete fertilization nothing could be ex- 
pected. Yet this Is a type of soil similar 
to that In Java which produced enormous 
yields of sugar. But at the same time one 
must bear In mind the very heavy expendi- 
tures which have to be Incurred for Irriga- 
tion, cultivation of the land, fertlllza • 
tlon, etc. to obtain these results on that 
soil. It will be a very long time before 
Flores will attain this stage of agricul- 
tural development. 

That thus far the cultivation of 
cotton has turned out badly was not a ques- 
tion of the shortcomings of the soli, but 
more one of diseases and pests. If meas- 
ures to combat or rather to prevent these 
troubles succeed, then the raising of this 
Hber Is certainly not Impossible, par- 
ticularly In the low, warm regions, with a 
long dry season and at the same time ade- 
quate moisture In the subsoil still ac- 
co33ible for the roots. 

Without losing sight of the pro- 
duction of export products, the Agrlcultur- 
^il Extension Service Is directing Its 


attention to the Intensification of the 
cultivation of food crops, Including vege- 
tables and fruits (especially also on the 
plateaus, see Figs. 74, 7b) where with the 
soils and climate found there adequate 
success may be expected for the time being. 


SOEMBA 

Soil-Forming Rocks 

Soemba has not been adequately 
studied geologically and consequently 
one cannot make a composite geological map 
from the available data. Still we find In 
a few publications enough Information to 
be able to give us some Idea of the extent 
of the Important parent materials for the 
formation of soils. On his reconnaissance 
journey over Soemba In I 89 I Ten Kate col- 
lected a large number of rock samples. 

These were determined by Wlchmann, so that 
in the report of his journey, which ap- 
peared in 1894 , Ten Kate could make use of 
the determinations. In 1899 Verbeek”^^ 
could devote only 4 days to the Investiga- 
tion of Soemba, and most of this time was 
taken up In his circumnavigation of the 
Island. And* although he was capable and 
experienced, he could add but little to 
the knowledge of the geology of Soemba. 
Important, however, was the Information 
obtained by H. Wltkamp”^^ during his meri- 
torious reconnaissance. Since then no 
publication of Importance relating to So- 
emba has appeared. Thus Wltkamp Is still 
(193'*) the most Important source of data 
from which we can construct a connected 
picture of the geological structure and 
the nature of the soil of Soemba. Brouwer"^® 
has already briefly done this. It Is, 
however, the petrographic nature of the 
uppermost (soil forming) layers that is 
especially Important for us. 


7- • It 1b poBslble that there has boon more Investigated than publlehod; but what la unpublished was not 
available when preparing this description. 

73 . Herm. F. C. Ten Kate, Relsversl. Tlmorgroep en Polynesle, T. Kon. Aardr. Gon., 1894. 

7*. R. D. M. Verboek, Molukkenvorslag. , Jb. Mljnw. N. I. (l‘^')8). Wet. Ged., p. 294-5^0* 

7'‘ H. Wltkamp, Verkenn. tocht. 0 . Soemba, T. Kon. Aardr. Gon., 1912 and 1915* 

A. H. Brouwer, Geol. Ovorz. Cost. god. 0. I. Arch., .Tb. Mijnw. N. I. (191?), Verh. II, p. 541-542, 



246 


THE SOILS OF EQUATORIAL REOI0W3 



Fig. 86. Geological elcetoh map of Soemba Island. 


sedimentary rock. 

2. More toward the center of Soemba, 

are two bodies (b) within 

which the marls are also present. 

3. In the southeast the highest part of 
soemba, namely the regions Taboendoe 

and Massoe (t) 5 ^ lu] 

4. A couple of small points (4) and (uj 
close to the southern coast. 

More to the north In (l) are found 
andesite and basalt, while more to the 
east are dlorlte, gabbro, and diabase. 

In (a) besides basic eruptlves there are 
also acidic ones (rhyolite), and In (3) 

again basic eruptlves. 

In (b) and (6) are found diabase, 
porphyrlte and melaphyre, more easterly 
quartz porphyry and mica andesite tuff. 

In (7) andesite and diabase porphyrlte 
predominate but other Igneous rocks also 
occur, even granite and pegmatite. 

Besides these magmatic rocks in 
(2), (3) and (7) there are found here an. 
there old quartz san dstones, moreover 
ice stone and pumice stone tuffs occur 
many places. Sometimes the marls ^ 
only a small proportion of lime and c y. 
and especially around and close to the 
region of the eruptlves the principal 
component Is often pumice stone 'tt 

Though a new study by Roggeveen 

u. ^abysslsche Eruptlvgest. d. Ins.1 Soemba, Proo. Kc. Akad. v. Wo. 

Amst., ^ (1952), P- 878-890. 


While It could be said of Flores 
that the greater part of the surface con 
slsts of volcanic rocks with the kinds 0 
soils formed from them, while only a rela- 
tively small part, especially the northern 
half of Manggaral, Is occupied by (Terti- 
ary) marls, marly limestones, and llme- 
atones-Soemba, on the contrary, appears 
to be covered over with predomlnaritly wea 
and harder marls and limestones . Igneous 
rocks appear from under the sedimentary 
rooks as mountains and mountainous land 
only In the region lying to the south of 
the curved line which bisects the whole 
length of Soemba from the east to the west, 
and even then not everywhere. From this 
map (Fig. 86 above) It may be seen that In 
the central part the marls run through un- 
interruptedly to the southern coast. Also 
in the east (insofar as Is known) the coun- 
try Is almost all marls nearly to the 
southern edge. Of the western end, noth- 
ing geological Is known--at least nothing 
has been published. The Igneous rocks 
which have been found are the following: 

1. In the west: a complex of three 

bodies of mountainous land (1), (2), 
and (3) between which are marls; 
while one of the components of the 
mountains themselves here and there 
Is likewise this same N^ogene 
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Photo he fl. van der Mooren 

87. Near Walngapoe, Soemha. 'I'reee standing hare in the dry 
season. Soil a (thin) grayish hlackearth with lime fragments and 
some fallen leaves. 


of the rocks collected by Ten Kate and 
Vltkamp gives them more or less revised 
names, It alters but little the general 
character. Apparently no chemical analy- 
ses of Soemba rocks have yet been carried 
out . 

In general we can safely say that 
almost everywhere on Soemba the Neogene 
possesses eruptive material to a greater 
or lesser degree. Sometimes it Is In the 
form of already deeply weathered cobble 
stones, then again as fine gravel, so that 
In such places the soil must necessarily 
carry traces of them. 

From the north-northeast toward 
the south-southwest the land ascends gradu- 
ally. The mountains of eruptive rocks are 
the highest parts. They are thought to be 
surrounded, toward the north-northeast, 
toward the vest and toward the east by a 
zone of marly marine tuffs, beyond which 
follows a zone of tuff marls and finally 
PPoponderatlngly calcareous marls. This 
ts obviously but a rough sketch: If we 
vent Into detail much more might be said. I 

C. Braak, Het Cllmaat v. Ned.-Indie^ II (1929), P 


Climate 

Soemba has only very little 
coastal plain, and no high mountains at 
all. In the western half none of the moun- 
tain tops exceed QOO m.; the Djawlla (887 
m.) and the Penoeboe (830 m.) are the high- 
est region of the Island, with several sum- 
mits above 1,000 m. but even here not a 
single one Is above 1,250 m. The highest 
is apparently Wangga Matl In the Massoe 
mountains with an elevation of 1,225 m. 

As to temperatures, hardly any 
part of Soemba can be said to have a cold 
or even a temperate climate. This Island 
lies almost entirely within the zones He 
(0-200 rn.) and Wa (200-1,000 m.). 

In the east monsoon the air Is 
extraordinarily dry on the lee side of 
the mountains, thus In the center and the 
northern part of the Island. It Is true 
Lhat no extensive meteorological observa- 
tions have been made in Soemba, but at 
Koepang on nearby Timor a minimum relative 
humidity of the air of l4^ has been 

1*76. 
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recorded, and of the 3 driest months an 
average dally minimum relative humidity of 
43^ existed. Since Koepang Is located on 
the sea, the Interior of Soemba would prob- 
ably have still lover figures. No wonder 
then that "most trees lose their leaves" 
(see Pig. 87, page 247) "and brooks, ci;*eeks 
and many springs dry up. The nights In 
these dry months are very cool, sometimes 
cold. At times differences of 30° F are 
observed between day and night tempera- 
tures . 

Rainfall data are but scant (see 
Table 63). 


constrained to believe that In the reglona 
of Lamboja and especially Massoe, localltle 
must exist where the rainfall Is still 
greater than at Wal Mangoera. But only the 
future can gl|re us the facts. Meanwhile 
the kinds of soils which are found also 
Indicate heavy rainfall. 


Ways in Which Weathering Occurs 
and Resulting Soil Types 

Since no descriptions of Soemba 
soils have yet been published, we will 


Tablo 6^ 

DISTRIBUTIOW OF RAIWFAIJ , IXIRINO THE YEAR, ON 3QKMBA ^ 


Place 

(Location) 

Holglit 
aboTB Goa 

level 

(meters) 

Number of 

years of 
observa- 
tions 

Ralnj 

days 

per 

year 

Jan. 

Fob. 

Mar. 

Apr. 

May 

Juno 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Rainfall 

per 

year 

Humid 

(wet) 

months 

Aril 

(dry) 

months 

Parona Beroro Western C'">aBt 

20 

10 

8v 

3671 

285 

242 

117 

65 

56 

27 

36 

24 

90 

151 

238 

1696 

6 

4 

Wal Man#;oora 

Western slope 

5^>o 

11 

154 

122 

H47 

370 

249 

143 

100 

55 

6b\ 

43 

175 

132 

316 


9 

2 . 

Karoenl 

Northern slope 

Tj 

10 

flo 

335 

29H 

219 

104 

40 

22 

20 

2t\ 

21 

56 


270 

1462 

5 

7 

Walkaboebak 

Western In- 
terior 


19 

108 

325 

300 

339 

114 

70 

19 

161 

ol 

44 

64 

215 

330 

1876 

6 

4 

Walngapoe 

Northeastern 

coast 

ih 

24 

'V- 

173 

148 

156 


29 

IJ 

6 

8\ 

5 


29 

130 

■[is? 

4 

y 

Melolo 

EaGt-northoast 

coast 

10 


04 

151 

156 

171 


42 

JO 

I2\ 

12 

- 1 

3 

t) 

31 

1 

116 

&)■[ \ 

4 

7 


1. J. Boerema, Kon. Magn. Meteor. Oboerv. Batavia, Verb. ^ (1951), p. 210.— 'Hia flguroa running; ovor a number of yonre up to lOL’B Incin- 
Blre, for the three lact mentioned statlone In the table have been euppl omen ted with the reaultB of and 1950. 


Even though there are only a few 
of these stations, It Is evidently clear 
that In the west, against the slopes of 
the mountains, a decent amount of rain 
falls, especially In the west monsoon. 

Even the dry east monsoon Is very moderate, 
taking Into consideration the location of 
Soemba. The entire northern and north- 
eastern coasts, however, have a long and 
fierce dry season, so that the soil cannot 
help drying out Intensively every year. 

That to the south of the line connecting 
Walkaboebak and Walngapoe there Is but one 
station, namely Melolo, on the east-north- 
east coast. Is Indeed to be regretted. 
Especially because a few rainfall stations 
In the far from unimportant mountainous 
region of volcanic products would perhaps 
provide Interesting data.®° So I am 


have to be content with sporadic observa- 
tions In the literature cited above (page 
245)# supplemented by a few statements hy 
administrative officers. 

During a couple of short trips 
Into the Interior back of Walkelo and back 
of Walngapoe, I could of course obtain only 
very superficial Impressions; combining, 
these with the other data, we have the fol- 
lowing sketch: 

As parent rocks of the soil of So- 
emba the so-called marls come Into the 
foreground. Presumably, however, these 
are not true marls, for they originated 
from marine deposited calcium carbonate of 
organic origin, mixed with more or less 
coarser or finer volcanic material. But 
thoroughly-weathered clay, such as large 
rivers carry out from continents or Islands 


79. Mem. v. Overg. afd. Soemba van Afls. res. C. E. Lanz (1919) • 

80. The Residency of Besoekl (Java) somewhat smaller than Soemba, but actually imDro Important, has ap- 
proximately 224 rainfall stations; and even Madoera, of only half the size, has stations. 
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toward the 3ea, could not have been abund- 
ant during the time of the forming of 
these mixed marine sediments, because of 
the simple reason that at that t,lme there 
was no extensive land surface which could 
have delivered such clay. These so-called 
marls will not give rise to clay simply 
through taking up of water again. From 
these materials clay can form only as tiie 
result of the weathering of the erupt Ivos 
mixed with the lime. These deposits which 
are In the vicinity of the mountains of 
basic eruptive materials are obviously also 
more basic. But near to centers of rnor(,‘ 
acid eruptions, and everywhere at consid- 
erable distances , from the centers of erup- 
tion, because of the sorting by the wind 
(see pages aod 36), the materials are 
more acid In character. The eruptions of 
basic rocks are In the minority, while the 
acidic are far In the majority. This 
signifies, for soil formation, that the 
chances are very small that Iron -rich, 
brown and rod soils can develop from these 
marls, which thus should be called tuffa - 
ceous limestones or calcareous tuffs. 

Brown and red, Iron-rich soils are only to 
be found near the centers of basic erup- 
tions, which In the preceding sketch map 
are located In and around the bodies (l), 
(b)> and (?)• Locality (6), on the con- 
trary, both on account of the parent rocks 
and because of the climate, Is predestined 
for the making of black soli. This has 
been confirmed by experience. The entire' 
arc of calcareous tuff, lying north and 
northeast of the tract of the erupt Ives, 
thus comprising more than half of the 
Island, all has this same formation of 
blackearth . The more distinctly so, tlie 
farther away from the centers of eruyt.lon. 
Thus along the northeastern coast fron: 
W'llngapoe toward Melolo and still farther. 
Vliere the parent rock Is (K + V.a) and has 
^>it little tuff material In proportion t.o 
the CaCOs can be expressed by tK, the for- 
mula of the blackearth becomes: tK--He.nvv. 
am (1-3). Closer to the mountains, with 
more tuff material In the rock the formula 
is: (V.a p K )--He . nvv . am (1-3) or In an ex- 
treme case kT--He.nvv.am (1-3). 

Along the road from Walkelo t.oward 
Karoenl the limestone, however, possess 


more V.b. originating from the Penoet,oe 
mountain range, etc. and these materials 
make the land there more of a dark black- 
ish brown: (K + V . b )--He . Nr . ae (2-3). 

And there are of course places where, ciue 
to the deposits carried by one or another 
river In the past or at the present time, 
more V.b is concentrated in the lime, so 
that the limestone has already a reddish 
tint and the soil Is also similarly af- 
fected. Such occurrences, however, are 
probably not of 'Importance. Again at 
Karoenl (see Fig. 88 , page 28 o) the soil 
Itself, especially upon flat spots, is 
as black as soot . 

If in the middle of the dry season, 
when many trees are bare (see Fig. 8'f'), 
one goes out from Waingapoe toward the 
south and climbs up toward a high point, 
the great expanse of bare and dreary land- 
scape is quite depressing (see Fig. 69, 
icage 231 and Fig. 20 ) . It. even makes one 
wonder whether he is still really in the 
Netherlands Indies.^" Everywhere the 
naked limestone rocks, grayish in color, 

! roject up sharply out of the dry grass, 
which Is just about the only vegetation. 
Trees In numbers are almost entirely con- 
fined to !,he ravines, where the creeks for 
the greater part In this season are dry. 

This Is the region of strong wind 
I eros 1 on . Without erosion, black earth 
I would obviously develc'.p. In the rainy 
I season this soil would perhaps offer rea- 
i s nnab 1 e C'. ■ s 1 s t <anc e again s t shoe t er 0 s 1 on 
because of Its high plasticity and cohesive 
lower. In the dry season this black earth 
cracks and breaks up to such a fine dust 
that the wind nicks it up and carries It 
aloi>% The coarser "air colluvium” Is de- 
1 03 1 ted In the valleys, (see pages 189, 
196) and forms relatively productive black 
flats (see Figs. 90, and 92 , pages 231 
and 232). In the long-continued east mon- 
soon, however, these also dry out and 
crack deeply, sc that, even here the vege- 
tation often cannot hold out. Wlien the 
rains l.reak, so that the rivers which had 
previously almost or entirely disappeared 
are In flood, then muc'n soil again washes 
away as gray silt, for as a consequence of 
a lilgh lime cont.ent the black earth Is In 
the form of coarsely dispersed crumbs. 


• This was also tho Impression In the gatiicrlipg c’ the deol. Gen. in which Wltkamp first ex- 

hibited the beautiful photograplis, of which a number have been reproducel here. 
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Photo by Mohr 

Fig. 88. Northwestern Soemba. Karoenl Mission station, — Flat fore- 
ground of black- earth with lime concretions from tuffaceous marl; tM— 
He. nvv.au. 3 (Marl spread over the road!) — In the distance are hills 
with (toward Walkelo) transitions from black earth toward blackish 
brown: tK— He .Hr .ae .3 . 


Somewhat more toward the west and | 
south where the drought Is not so long, | 

the soil in the erosion valleys remains ' 

sufficiently moist to allow certain trees 
to live and forest can hold Its own (see 
Fig. 95, page 255) • 

The more southerly one goes, the 
earlier the tuff limestone presumably ap- 
peared above water, the older the land- 
scape Is, and the more It Is Incised by 
erosion (See Pigs. 9^ and 95, pages 255 ! 

and 254). Still more southerly, more than 
half way across the Island from north to 
south, close to the mountainous land of 
Massoe, the duration and the Intensity of ' 
the dry monsoon diminishes, the rains In- 
crease, and the proportion of eruptive ma- 
terial In the tuffaceous calcareous ma- 
terial also Increases. These are all 
reasons for the Increase of vegetation (see 
Pig. 96, page 254), so that finally the 
forest triumphs (see Fig. 9?) on brown 
soils from volcanic material. Here the 


soli may answer to the formula: V.b--Wa. 

(Nr to HN) ae,3. Finally back over the 
divide, the east monsoon Is rising and 
moist, and on the southern slopes of the 
volcanic mountains of andesite and basalt, 
of more than 1,000 m. elevation It must 
rain as much In the east monsoon as In the 
west monsoon, as is shown In the small map 
(pig, 6) for the Smeroe and the Idjen moun- 
tain chain (of Java). In this case the 
formula becomes a complete V.b--Wa.NN ,ae.3 , 
and the vegetation will be true tropical 
high forest (see Fig. 9B, page 256). Drop- 
ping down toward the coast over volcanic 
country the soil continues a brown lixivi- 
um and the forest vegetation persists 
until close to the sea (see Fig. 99, 

256). 

Going from Walngapoe westward, 
near Palendl-Medlta, directly south of 
Soemba >3 northernmost point, ijnder the 
calcareous material which becomes contlnu' 
ally richer in tuff, eruptlves appear In 
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Photo by H. Wltkamp 

Fig. 89. Sooniba. Looking toward tho north out over the 58O m. ter- 
race to the south of Merada Moendl. — Almost entirely bare because of 
drought, Wliat little soil there Is^ Is blackearth. 



Photo by H. Wltkaii>i> 

Flff. 90. Soomba. Slopes of Mt. Pral Madlta eroded bare by water 
and wind. Kambera valley in the foreground, filled by material blown 
off and washed off from elsewhere. 
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Photo hy H. Wltkamp 

Fig. 91. Soemha. — Lake Wal Findeh (330 above sea level), woBt 
fi’om Walngapoo. The pond dries up In the oast monsoon. Moreover, 
it Is being gradually converted Into land througli the black earth 
being blown Into and washed Into It. 



Photo by H. Wltkamp 

Fig. 92. Western Soemha. Plain east southeast from Wal Dlnde; 440 
m. above sea level with blackearth (?) on which are scattered lime- 
stone blocks. Strong horses are raised on the thin grass pasture. 

In the background (toward the west); Mt. Djaglla. 



SOEMBA 



Photo by H. Wltkeimp 

Fig. Central Soemba. Palendl Medlta, Tiie poorly pervious ridges 

almost without soil and inoiotin'c^ Rupport only grass, while forest is 
everywhere in the erosloml valleys. 



Photo by H. Witkamp 

Fig. 9h. View of Massoe Bokool. Southeastern Soemba.— Coim try 
strongly dissected. Some soil lies on the tops of the ridges and in 
the ravines; the slopes are eroded bare. 
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Photo by H. Wltkamp 

Fig. 95. Limestone landscape to the south of Meramoondl^ Northeast- 
ern Soemba. Even in the valleys there are almost no trees. 



Photo by H. Wltkamp 

Fig. 96 . The Maeeoe Mountain raunge Southeastern Soemba, from the 
north. Somewhat more vegetation, but still no continuous high forest. 
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Photo by H. Wltkamp 

Fig. 97 . SoutheaBtern Soemba. Mountainoue land from region 7 l-h© 
sketch, page 246. Mt. Wang^amatl In the distance, Li front of It 
Mt. Pokool. Nearly closed forest, but no dense high forest. 


compact form. Quartz porphyry (aee Fig. 
100, page 257 ) la the most abundant. The 
climate, however, Is very dry, so that 
there cannot be much more vegetation than 
In the regions richer In lime lying more 
to the east. 

Still farther west near the ande- 
altlc Mt. Penoeboe the climate becomes 
somewhat more moist, and where the erup- 
tlves project up through the calcareous 
tuff cover, the more Intensive vegetation 
la clearly observable (Fig. 101, page 257 ) • 

In the south of the mountainous 
land of West Soemba and also against the 
v^estern slopes of the mountains, of which 
the DJaglla rises to over 900 m. elevation 
there I3, just as to the south of the Mas- 
aoe mountains, much rain during almost the 
entire year and therewith the fertility In 
general Increases. Hence both because of 
^he climate and because of the soil. It Is 
^ot to be wondered at that there Is much 
f^ore cultivation In western and especially 


southwestern Soemba, and that the much more 
dense population practices the cultivation 
of lowland (irrigated) rice (see Fig. 102, 
page 258 ) . 

It goes without saying that the 
great diversity of the igneous rocks which 
appear In the southern half of Soemba Is 
accompanied by distinct differences In the 
nature of the soli. But regarding these 
soil differences as yet Insufficient data 
are available to permit going into this 
more closely. 


Evaluation and Utilization 
of the Soils 

Anyone who is not familiar with 
more than the northern and northeastern 
coastal regions of Soemba, must Indeed 
have an Impression of deplorable Infer- 
tility. If, however. It be taken Into con- 
sideration that from the northeast toward 
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Photo by H. Wltkamp 

Fig. Q8. Southeaetern Soemba. Maesoe region; the southern slope of 
Mt. Karlkl, Closed high forest which holds Its own In an adequately 
humid climate. Soil: reddish brown V.b,— Wa.HN.ae.3. 



Photo by H. Wltkamp 

Pig. 99. Soemba 'fl southern coast from Melanggoe out over Wahang bay 
and ^t. Kallfoendoe Mawoa.— Where forest is lacking, It Is because of 
deforestation. 
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Photo by H. Wltkamp 

Fig. 100. Central Soeniba 1 eouthoaBt fr'onx Palcndl Madlta. —Quartz 
porphyry hill with limestcne lylr;,’ upon It. (Ruylon 6 of the sketchy 
page 2U6). Soil DOor, eliallov, yubte-'t to water and wind erosion. 
Vegetation at moat poor savarma. 


i 



Photo by H. Wltkamp 

Fig. 101. Mt. Penooboe, western Soemba frean tho east.— Where erup- 
tlvoG project up through the lime cover, there la more intensive 
vegetation and forest upon deeper soil. 
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Photo by H. Wltkamp 

Fig. 102. The Lambojo valley, Southweatern Soemba, with behind It 
the hilly Soda ridge— To a great extent the soil has developed from 
eruptive rooks; climate humid enough for lowland rice cultivation. 


the south west Ist the rainfall Increases, 
and more particularly that the dry season 
more and more loses Its fierceness; 2nd In 
the parent material more and more erupt Ives 
predominate which Increase the fertility. 
Then we realize that on Soemba there are 
Indeed places where almost every cultivated 
tropical crop can find favorable edaphlc 
factors for development. It then becomes 
only a question as to whether these places 
are of sufficiently large area to make 
possible and profitable the cultivation of 
any particular crop. 

As to the principal food crops, 
rice and maize . It should be stated that 
only In the west and south, but hot In the 
south of Central Soemba (see Pig. 102 
above) Is there sufficient water for pad- 
dles. Consequently lowland rice fields 
are to be found only in the southwest. 

(in Lamboja and In the surrounding regions 
there are only a few. In Taboendoeng and 

82. In tills spirit also the Assistant Resident Camt 
charge, Aug. 1928, p. U In which among others 
tloned as beautiful land«for Irrigation. 


Massoe only sporadically, though without 
doubt they could be extended there. Of 
course maize also grows well In the above- 
mentioned regions, but It Is not planted 
as much as rice. Maize Is, however, the 
main food crop In all other regions of 
Soemba, where neither paddy nor upland 
(unlrrlgated) rice culture Is possible. 

And even maize does not grow everywhere. 

As has already been explained, on the bare 
marl or tuff limestone rocks there Is In- 
sufficient soil to enable a full root sys- 
tem to develop, so that even In the rainy 
season no mature grain Is to be obtained 
from maize on such soil. Only in a region 
of deeper soil Is- a crop possible and in 
the north and east such soil Is found only 
In the bits of flat land In the river val- 
leys (see Pigs. 90 , 91 , and lOl). 

Crops which are well adapted are 
recommended for these heavy black lands- 
Besides upland (dry) rice and maize, beans 

er van Nooten wrote In hils memorandum of giving 
he environs of Tana RoSng (Maeeoe Karera) are non- 
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and cotton are suitable. Especially, If 
the number of Inhabitants increases, and 
as a result of the ultimate revival of ex- 
port of copra, the use of coconuls as 
sources of fat and oil for the natives be- 
comes precluded. Then as on Java, the In- 
habitants, will use more and more beans to 
make up their need for fats. 

Formerly the natives cultivated 
cotton on Soemba and spun and wove the 
fiber at home. Later, because of the Im- 
portation of cheap machine-made cotton 
yarn, cotton cultivation has retropressod. 
The sorts of cotton grown were mostly 
those that live longer than one year. How- 
ever, at some time or other cultivation of 
suitable annual cotton will be resumed, 
since certain lands on Soemba, because of 
soil and climate, are very well suited to 
this crop. Whether or not these soils are 
used for cotton Is more an economic ques- 
tion than one of pedologlcal or of techni- 
cal agricultural nature. 

As to kapok - -In the course of time 
there may be expected an extension of Its 
cultivation. The long and certain dry 
season Is for kapok, as for cotton, of 
great significance. Moreover the soil Is 
certainly fitted for kapok especially In 
the south where much of It Is brovTi and 
red lixivium. 

In the higher southerly stretches 
up against the mountains of eruptive rocks, 
where the land Is decently fertile because 
of an annual dry season, such as is desir- 
able for arable coffee , various good places 
are to be found where Its cultivation Is 
possible. Coffee Is already bein^^ planted 
and an extension of the plantings Is still 
possible, provided that the plantings are 
not carried down too low, nor Into too dry 
nor too moist localities. As long as cof- 
fee remains on good land, success Is cer- 
tainly to be expected from it. 

As to tea , of which It Is said In 
Java that this shrub cannot endure more 
than 100 days drought (perhaps with the 
one exception that If at the sajne time the 
weather Is quite cold) , the chances on 
Soemba are very small. This is because of 
the climate and because of the very limi- 
ted, suitable, high, not too steep spots 
tn the mountains . 

^*5. Sea [fern, v, Overg. aGS.-roa. Soemba, C. E. Lanz 
The same, Mem. v. Ovorg., p. bl. 
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Keeping in mind the soil mciuLure 
requirements. In the low lands the cultiva- 
tion of various fruits can certainly be 
extended. 

In the last decades many more coco - 
nuts have been planted than previously. 
Especially In the two relatively moist 
KodI regions the cultivation of this cror^ 
has a good future, as is also the case in 
Larnboja (see Fig. 102 ) and In Wanokaka on 
the land sloping to the south. In the 
north the palmyra palm ( Boras s us f labell 1 - 
fer ) , which is much better able to resist 
drought, must uphold the honor of the palms 
in supplying many useful things for the 
native household. 




Surveying the whole, we are con- 
vinced that the political quiet Insured by 
the Netherlands Indies Government has 
oj'Oned up for Soemba a number of agrl cul- 
tural loss iblli ties which [previously pirac- 
tlcally did not exist. On arriving at 
Waingapoe on Soemba, the Island, as con- 
cerns soil and climate, Is seen at Its 
worst. The farther one goes from there 
into the interior of the Island, to the 
south as well as toward the west, the bet- 
ter the conditions become. But It will be 
the task of the authorities to direct de- 
velopment along the right lines. For ex- 
ample, t,hey should see that on and around 
the high mountain tops (which still are 
not excessively high, only 900-1,200 m.) 
the forests are maintained and even ex- 
tended by planting. This Is to Insure that 
the lower land can continue to obtain as 
much Irrigation water from tne rivers dur- 
ing as long a season as possible. Money 
expended for this purpose is better spent 
than if it were paid out for repairing of 
bridges and roads, which must be done fol- 
lowing floods. These floods destroy much 
of the arable land in the low valleys which 
after all is not abundant . 

•« * * * # 


(Aug. 1919), p. I'P- 
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TIMOR 

Soll-Formlnp; Rocks 

Few Islands of our Archipelago 
exhibit within such a relatively small com- 
pass such a diversity of rocks. The rea- 
son for this Is the complicated geological 
structure of this Island. This Is not the 
place to go Into the extremely Interesting 
geology of Timor. For this the reader 
will have to refer to the comprehensive 
literature®^ regarding the subject. Brouw- 
er Investigated and described a long list®® 
of rocks of East Netherlands Timor, col- 
lected In the course of different expedi- 
tions. If material of this sort were 
available from the whole Island,®^ the list 
would become still much longer. However, 
by no means are all these rocks "soil 
forming" in the sense employed In this 
book. Of course they all do contribute 
something, but many occupy only relatively 
small areas so that they do not deserve any 
separate discussion. As to these, some few 
indications will have to suffice. 

If a line Is drawn from the bay of 
Koepang out in the direction of the longi- 
tudinal axis of Timor, thus toward the 
east northeast, over Tjamplong and Soe, 
along the upper course of the Noll Benaln 
and on further Into Portuguese territory, 
then for the greater part of Its length 
this line runs through relatively low land. 
South of this lowland lies high mountainous 
land, and north from It much higher moun- 
tainous land. Thus Timor may be considered 
as roughly divided Into three strips or 
zones . 

Within the northern strip, the 
largest of the three, stand the highest 
mountains, of which we may mention particu- 
larly Mt* Moetls ( 2 , 36 ^ m.), Lakaan (l,5S0 
m.), the Mollo mountains and a couple of 
others of crystalline schists. The 
schists, however, chemically and minera- 
loglcally are not so rich In silicic acid 
as, for example, those on Sumatra or Bangka 
and Billiton. They are relatively poor In 
quartz and mica, but they are rich in all 
kinds of feldspars and especially 


amphlbole. Besides, they possess a number 
of other minerals, the chief of which are 
epldote minerals, such as zoeslte. In ad- 
dition, titanlte, pyrlte, chlorite and 
sericlte, chalcedony, calclte occur. The 
last Is sometimes scattered through the 
rock, sometimes In the form of separate 
veins or thick strata. 

A large part of this northern 
strip is further occupied by formations of 
the Permian and Mesozoic; especially In 
the form of marine clay (with fossils) or 
grayish clay deposited In the deep sea. 

As rocks these are, of course, more or 
less compact claystones, but exposed to 
the atmosphere they obviously take up water, 
disintegrate and again become clay. Fur- 
ther, there also belong to this formation 
the following; former shallow sea and 
coastal sediments of very variable grain 
size (Flysch facies). Also reddish, gray 
and white, hard marls, layers of limestone 
and more or less Isolated limestone rocks 
("fatoes" which, nevertheless, do not ap- 
pear to consist exclusively of limestone) 
are present. 

This northern strip Is also rich 
In eruptlves mutually very divergent both 
In structure and composition. Of pre- 
tertlary age, for example, are perldotltes, 
serpentines, gabbro, diabase, melaphrye, 
dlorlte and similar more or less basic 
rocks. Relatively close to the northeast- 
ern coast lies a strip which runs from 
Mosoe In the west, almost to Atapoepoe In 
which are also younger, namely Tertiary 
eruptlves, beginning with basalts and ande- 
sites, and then grading via dacltes to more 
acid rocks, such as trachyte, llparlte and 
rhyolite, though the last are very much In 
the minority. These eruptlves remind one 
of those which have been found In South 
Soemba. 

Still younger eruptlves do not 
occur In Timor; for there are no active 
volcanoes . 

No marine deposits of either Terti- 
ary or Quaternary time are found In the 
northern strip; neither are there any in 
the lower central strip nor In the south- 
west of the southeastern strip. Apparently 


85 . In the first place according to: II. A. Brouwer, Geolog. Overzlcht van hot O.-gedeolta van don 0.- 

Ind. Archlpel., Jh. Mljnw. N. I., (1917); Verb. II, p. 145-452. Therein one finds on pp. l47-l6- 

a long bibliography. For Timor the publications of Vorbeek, Wanner, Molengraaff and Brouwer which 
are listed are apparently the most Important. 

86. H. A. Brouwer, Gesteenten van Oos t -Nader lands ch-Tlmor, Jb. Mljnw, N. I., 45 (I 916 ), Verb. I, P* 

By. Obviously wo will not consider Portuguese -Timor. 
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there was a time before the present and in 
the later Tertiary when all of Timor lay 
lover, and especially the central strip 
which thus formed a quite deep sea channel, 
perhaps even 1,000 to 1,500 m. deep. Only 
parts (for example the Salomon Muller moun- 
tains) of the southeastern strip were not 
submerged. Of the northwestern strip, 
however, at least the backbone of it for 
the greater part remained above the sea. 
During this time much calcium carbonate 
could accumulate In the sea In the central 
strip. In the center It accumulated as 
Foramlnlfera lime, toward the sides how- 
ever It was mixed with terrigenous sedi- 
ments, clay, sand, and boulders. Where 
the water was clear It accumulated as 
coral. From that time on Timor began to 
rise, a movement which possibly still con- 
tinues today. The rising has, however, 
been unequal In time and place. Probably 
it began slowly over the whole island; 
thereafter more rapidly, and especially In 
the central strip. It would be interesting 
by means of very accurate determinations of 
elevation of fixed points to see If In the 
course of 10 or 25 years such differential 
movement Is continuing; but this topic 
falls outside the scope of the present 
book. 

Here, In agreement with this geo- 
logical history which. It Is true, has 
been presented In inverse direction, it Is 
only necessary to state: 1^ that the 
thickest Tertiary and Quaternary deposits 
are found In the middle strip, 2 nd that 
not alone does the thickness decrease to- 
ward the northwest and southeast, but also 
land sediments are more and more mixed 
through them In the northwest rather than 
in the southeast. This Is true because 
the land mass lying to the northwest was 
of greater volume and surface. In many 
places, especially In the southwest corner 
of the southeastern strip, the surface 
covering Is rather thin so that. In very 
f^any places, the older Permian formation 
protrudes through It. 

In other, higher and more easterly 
lying parts of the southeastern strip, the 
older Permian lies quite exposed and en- 
tirely free from any younger covering. 

^1 kinds of outcrops of basic erupt Ives 
Q-re also found In this region as In the 
northwestern- strip, but In so far as Is 
now known there are neither Neogene 


eruptlves nor older crystalline schists; 
at most there is a little Eogene. 

Analyses have been made of. a number 
of rocks of Timor. These have been col- 
lected and are presented In Table 66, 
pages 262 and 265* These analyses should 
not be considered an adequate survey but 
at most just a few selected from a much 
larger number. However, the divergent 
values can now give an Impression of what 
Timor offers in this field. 

The rocks are not geographically 
arranged, but rather are In groups and 
within groups are placed according to 
their silicic acid content. First a 
couple of very acid rocks, rich In quartz. 
These, and the following group of rhyolite 
and trachytes show that although In surface 
area they occupy but a limited place, yet 
on Timor similar acid rocks do occur. Then 
there follow a number of more basic Plu- 
tonic rocks, and thereafter a group of am- 
phlbole-rich schists, which have perhaps 
originated through metamorphosis from rocks 
of the former group. A serpentine Is 
placed adjacent to these. Finally there 
follow a number of basic eruptive rocks. 

As may be seen, the SIO2 content 
varies from about 80^ to about 40^, --In- 
deed a wide range. Apart from serpentine 
and marl the following components also 
vary; A1203 between 10 and 20^, the Iron 
oxides between 1.5 and magnesia be- 

tween 0.5 and 7‘5^> CaO between 0.5 and a 
little more than 15^, soda between 1 and 
5*5^^ potash between 1/5 and close to 8^. 
Unfortunately phosphorus was not ^always 
determined; but the few figures available 
vary from 0 to 0.66^ P2O5, which la a 
fairly Important range. It Is also strik- 
ing that the acid rhyolite contains no 
phosphorus, while the basalts give size- 
able amounts. 

Finally It may be stated that 
Wlchmann recorded ( l. c. , p. 122) an 
analysis of a calcareous chalcedony-sand- 
stone with 15^ carbonates, while of the 
87^^ remaining 80^ la 3102, 2.5^ AI2O3 and 
the rest Is Fe203, MgO and water. On the 
other hand the calcareous marl No. 196 
from the river Noll Sanl ( l . c . , p. 124) 
contains 78-5^ carbonate, while of the re- 
maining 21.5^ there was but 15!^ 3IO2, be- 
sides 5*5*^ AI 2 O 3 and the rest i;^ Fe203 and 
1.551^ H2O. As to the marl, again It Is a 
pity that phosphorus was not determined. 
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ANALYSES OF SOME ROCKS OF TIMOR 


Name of I 
the rock t 

1 Strongly 

Jlliclfled 

rock 

Granite 

porphyrytlc 

Quartz 

porphyry 

Alkali- 

rhyolite 

Alkali - 
trachyte 

Alkali- 

trachyte 

Alkali - 
trachyte 

Quartz 

auglte- 

Amphlbole- 

dlorlte 

Quartz - 

dlorlte 

Quartz 

diabase 

Diabase 

(vltreoufj) 

Place where 

Top Fatoe 

Between 

Noll 

Between 

Fatoe 

Fatoe 

Near the 

Welro 

Welro 

Near' Wehor 

collected 

Nalnaban 

Atapoepoe Manoemea 

Toenbaba 

Sanan 

Menas ee 

Scmoholle 

valley 

waterfall 

south of 



and Wehor 


and 




near 

near 

Atapoepoe 





Haumenl 




A.tapoepoe 

Atapoepoe 


Number 

III 

III 

III 

II 

II 

III 

II 

II 

1 

II 

III 


565 

873 

288 

1 

320 

630 

637 

193 

73 

56 

867 

Analyzed by 

PISANI 

PISANI 

MORLEY ! 

PISANI 

PISANI 

PISANI 

PISANI 

PISANI 

PISANI 

PISANI 

310 2 

81.70 

77.10 

70.76 

65.10 

62.10 

60.80 

60.35 

33.31 

53.31 

48.20 

AI2O3 

10.15 

12.40 

10.16 

14.10 

17.60 

19.60 

12.50 

16.90 ' 

14.70 

19.33 

Fe203 

0.60 

0.61 1 

7.00 

2.70 

4.10 

2.81 

3.33 

2.10 

6.40 

2.19 

FeO 

0.57 

0.84 

0.63 * 

1.71 

— 

— 

3.37 

6.75 

4.30 

8.61 

MnO 



0.16 


0.20 




— 


MgO 

0.52 

1.40 

0.49 

2.45 

0.91 

0.77 

3.10 

4.93 

4.17 

4.22 

CaO 

0.39 

0.51 

0.65 

1.55 

1.81 

1.03 

5.33 

8.81 1 

7.42 

13.24 

NasO 

2.45 

2.77 

3.53 

5.45 

3.31 

3.95 

3.30 

2.97 

2.75 

3.44 

KeO 

5.38 

2.15 

2.57 

4.92 

6.33 

7.85 

0.79 

0.49 

0.48 

0.36 

+ 



0.88 









^ (0.65) 

(1.60) 


(2.10) 

(1.70) 

(4.00) 

(3.00) 

(1.20) 

(4.70) 

(O.T'O 

- 



0.57 ; 








TIO2 

0.08 

0.06 

0.49 

0.59 

0.27 

— 

2.59 

1.34 

1.69 


P2O5 



0 








Residue^ .. 



0.27 








Total 

100.58 

99.44 

100.16 

100.47 

100.35 

100.81 

99.90 

100.82 

100.12 

100.33 

AUTHOR . . . . ! 

Br.® 

Br. 

Br. 

Br. 

Br. 

Br, 

Br. 

Br. 

Br. 

Br. 

Page ! 

136 

158 

153 

147 

150 

l4l 

88 

77 

230 

220 


1. The flguree ( ) signify lose on ignition. 

2. Under this are Included: CQ2 — CuO— SOb — Cl — F — 3 — ^BaO — SrO. 

3. H. A. Brouver, Gaeteenten van Timor, Jh, Mljrw. N. 0. 1 ,, ^ (1916), Verb. I, pp. 71-260. 


Of the Permian dei oalta lyiiu’; on j 
the surface over pireat areas, not a single ' 
analysis has been made. This is Indeed to 
be regretted, because these materials are 
certainly a parent material for soil forma- 
tion. Judging by the analyses of deep sea 
desposits from elsewhere in the world®® it 
is by no means improbable that specially 
the P content is considerable in comparison 
with that of many magmatic rocks. 


Clima te 

As contrasted with Soemba, with 
Its longitudinal axis practically I'Ori 
dlcular to the direction of the east imui- 
soon, Timor lies In the trade wlnd bel' • 
And moreover since the mountains may be 
considered as divided Into the above- 
mentioned three strips, one cannot be 
prised that extreme climatic condltlon3 


88. Compare the analyses of marine sediments in: F. W. Clarke, Data of goochemlstry, 4th Ed. (1920)» 
pp. b08-!}10. 
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Table 66 (continued) 


ANALYSES OF SOME ROCKS OF TIMOR 


Epldote 

Bericlte 

chlorite 

schist 

Plagloclase 

amphibolite 

Hornblende 

schist 

Bronzite 

Serpentine 

Fa toe - 

Kedoewa 

rock 

Lakmlto 
(boundary 
basalt and 
andeelte) 

Shonklnlte 

(with 

plagloclase) 

Shonklnlte 

(with 

plagloclase 

Foyalte 

Plagloclase 

basalt 

(weathered) 

Near Fatoe 

From the 

From the 

Olsaln 

Fatoe 

Pass bo- 

Noll Ntmassl 

Noll Kolkoll 

Noll Ba- 

From the 

Neukatella 

Noll Besl 

Noll Bessy 

river 

Kedoewa 

tween Lah- 

between Hao- 

between Pari- 

natette 

river Noil 


Mootls 

near Fatoe 

Amarasfll 


hoerooB and 

emenl and 

tl and 

near 

Non! 


Region 

Infeni 



Weloellk 

Kaonbko 

Noeataoes 

Parltl 



IV 



I 

VI 

II 

II 



72 

407 

2 l 4 

82 

520 

8 

55 ? (a) 

35? (b) 

64 

175 

PUFAHL 

PISANI 

PUFAHL 

PUFAHL 

MCRLEY 

PISANI 

PISANI 

PISANI 

PUFAHL 

PUFAHL 

57-96 

56.70 

48.62 

38.81 

51.74 

51.31 

45.70 

44.93 

44.63 

43.70 

17.91 

15.42 

15.49 

1.14 

13.46 

16.90 

13.40 

14.60 

13.77 

14.98 

5.82 

0.82 

6.32 

3.80 

4.39 

4.40 

2.75 

3.70 

7.30 

5.38 

4.59 

5.95 

4.92 

2.10 

4.39 

3.33 

3.67 

7.20 

5.60 

3.44 

0.12 

— 

0.09 

trace 

0.26 


0.26 

— 

0.08 

0.06 

2.82 

5 . 4 :^ 

7.13 

33.91 

5.73 

2.74 

7.53 

6.72 

4.47 

7.45 

3.36 

8 . 6 'i 

10.36 

0.32 

10.07 

7.93 

9.02 

8.13 

7.96 

9.64 

1.10 

3.40 

3*92 

0.12 

1.54 

3.39 

5.12 

3.62 

4.20 

5.02 

1.48 

0.34 

0.46 

trace 

0.64 

2.30 

5.22 

1.39 

2.65 

2.38 





2.60 






^.’.85 

(1.30) 

l .')2 

14.87 


(3.80) 

(3.90) 

( 4 . 20 ) 

4.04 

3.27 





2.03 






0.64 

1.34 

1.32 

0.16 

0.73 

5.26 

5.46 

4.13 

4.25 

2.15 

0.17 


0.26 

0.03 

0.40 

— 

0.26 

0.19 

0.09 

0.66 





0.28 



1.35 

1.34 

0.11 

99.87 ■ 

99.37 

100.61 

90.92 

100.28 

99.80 

100.03 

100.62 

100.43 

100.24 

W.'' 

Br. 

W. 

W. 

Br. 

Br. 

Br. 

Br. 

W. 

W. 

9^4 

237 

137 

109 

203 

190 

93 

96 

85 

128 


A. Wlchmann, Geetelne von Timor, Samml. d. Geol. R. Mue. Leiden, lo Serie, 20 Bd. (l 882 -' 87 ), pp, I-.I72. 


are to be found on this island. That the 
conditions are extreme appears clearly in 
the figures (Table 67 , page 264). 

Although there is a certain amount 
ct" variation in the quantity, the months 
from December to March inclusive always 
constitute the rainy season, while the 
f^onths August and September are dry al- 
though occasionally a shower will fall 
here or there. The other 6 months show 
Very variable rainfall figures. 


L. J. C. Van Es, Jr., who worked 
on Timor for a lonf* time as a mining engi- 
neer, divides the land climatically into 
thirds. Regions where it rains three months 
of the year; regions where it rains six 
months, and those where it rains nine 
months. This estimation comes pretty 
close to the results of the observations, 
if they are considered year by year. 

In the west monsoon Koepang re- 
ceives the full broadside, but in the east 


Quoted by: Alb. C. Ki*uyt, Verslag, rels door Timor, T. Aardr. Gen., ^ ( 1921 ), p. 776 . 
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DISroiBOnQII or RAHyALL DURIIIG THK YXAR CW TDiOR ^ 


Place 

Humber of 
yeare of 
obeerva- 

tlona 

Ilevatlon 

abore the 

eea 

(meters) 

Rainy 

days 

Jan. 

Peb. 

Mar. 

Apr. 

May 

June 

July 

Aixg. 

Sept. 

Oot. 

Hot. 

Deo. 

Rainfall 

per 

year 

Humid 

(vet) 

months 

Arid 
(dry) 
month R 

Xbepang 

52 

15 

69 

38S 

388 

221 

66 

27 

8 

5 

3 

2 

18 

88 

247 

lk36* 

4 

6 

Soe 

8 

1000 

86 

251 

202 

302 

Ml 

35 

24 

23 

5 

4 

17 

99 

292 

1J65» 

5 

6 

Hlkl-Hlkl 

12 

670 

108 

258 

268 

244 

Ml 

108 

63 

42 

12 

3 

33 

87 

235 

lk6k 

6 

4 

Kapan 

6 

1000 

131 

201 

262 

260 

220 

145 

134 

120 

46 

7 

124 

236 

252 

2012 

10 

2 

Holltoko 

8 

5^ 

10k 

195 

244 

231 

161 

89 

80 

67 

11 

11 

7k 

137 

231 

1531* 

6 

2 

Kefannanoe 

Soekablhanava 

7 

1000 

62 

218 

163' 

170 

62 

52 

11 

' 

6 

o\ 

1 

1 

17 

lOH 

167 

9h9* 

5 

6 

(Besllraioa) . . 

15 

9 

8k 

209 

155 

187 

147 

224 

93 

82 

14 

8 

17 

6k 

198 

15^ 

6 

3 

Haliloelik 

2 

1;00 

6k 

MO 

214 

255 

42 

13\ 

0 

0 

0 

1 

107 

54 

286 

1082* 

6 

7 

Ataaboea 

11 

325 

79 

278 

257 

276 

79 

251 

25 

11 

7 

37 

65 i 

140 

212 

lkl2* 

6 

5 

Atapoepoe ...... 

15 

2 

63 

292 

258 

159 

56 

36 

7 

4\ 

4 

2 

16 

89 

160 

1085 

4 

7 

I^oeroea 

2 

600 

90 

1 

242 

1 

213 

370 

13 

1 

3 

22 

0 

0 

0 

69 

44 

335 

1301* 

4 

8 


1. J. Boereaa, Yerh. Ibn. Magn. Matpeor. Obeerr. Batarla, Ho. 21^ p. 210. The atatlona with a * hare the figures for the yeare 
1929 and 1930 corrected and auppleaented. 


monsoon the town lies in the lee behind a 
mountain more than 600 m. high to the 
southeast. It is no wonder that the de- 
scending wind is dry, and that in many a 
year there are 8 dry months in place of 6. 
--While it is true that Soe lies on the 
highest point of the central strip between 
the mountainous Amanoeban region (south- 
east) and that of Mollo (north), yet ap- 
parently Soe' 3 position Is such that in 
the southeast monsoon Amanoeban takes out 
all the rain. In spite of its elevation 
Soe is very dry for 6 months. Niki Niki 
lies east of Soe and hence at the begin- 
ning of the rainy season gets somewhat 
more rain. Kapan lies favorable for ris- 
ing air currents from April to July, as 
also in October and November. Hence the 
dry season is not very pronounced. Ke- 
fannanoe however is reached by the south- 
east monsoon only after this has swept 
over the especially dry low hilly country 
of Noe Moeti and Neno Metan. Hence the 
dry season here is very pronounced indeed. 
Noiltoko is in this respect a connecting 
link between Kapan and Kefannanoe. — Besi- 
kama lies close to the sea, the rainy time 
continues somewhat longer, but is less in- 
tense. Here, just as at Kefannanoe (with 
respect to the West monsoon in the lee be- 
hind the 1,200 to 1,600 m. high boundary 
mountain range with Oeikoesi), there is 
but one month with more than 200 mm. rain- 
fall. Haliloelik lies in the depression, 


with higher mountains to the northwest and 
southeast; hence the strong east monsoon 
drought . --Atamboea is already on the slope 
toward the north; Atapoepoe lies on the 
coast. Though the 4 rainy months may pro- 
duce much rain, the east monsoon is cork 
dry. Even at Lahoeroes, which is at an 
elevation, the drought Is severe since the 
place lies so directly behind the high 
Lakaan mountain range. 


Ways in Which Weathering Occurs 
and Resulting Soil Types 

Given the above-described monsoon 
conditions, it is clear that places on 
Timor where the whole year through it rains 
enough to make possible a continuously de- 
scending movement of water in the soil, 

(HH) will be very great exceptions. Sued 
places are, for example, near Nenas, at 
more than 1,200 m. elevation against the 
south southwest slope of Mt. Moetls, or 
•near Masedemoe located at 1,000 m. against 
thd southwest slope of Mt. Laka&a. Else- 
where, Timor falls under either the symbol 
Mr (on pervious material) or n.vv (on more 
clayey, poorly pervious material). A few 
small, low flat bodies of soil may have ns 
or even N.S. 

Which is found the most on Timor? 
nicely pervious or poorly pervious soil 
materlal?--A 3 to how difficult it la, on 
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basis of the still Inadequate data now 
available to give a satisfactory answer, 
will appear from a closer consideration of 
the above-mentioned Permian deposits which 
are spread over a large area. The red 
deep sea silt can be hardly anything else 
than very fine-grained. On this parent 
material we can expect nothing else than 
heavy, Impervious soils, although the Iron 
should make the soli somewhat crumbly and 
looser. This would especially be true If 
under n.vv conditions the dehydrated Iron 
oxides go Into solution and then precipi- 
tate as Iron hydroxides. This Increases 
the permeability. If the ground possesses 
lime In the form of fossils, then this ma- 
terial Increases the permeability so that 
the water movement goes more toward H.r. 
Thus, the ground remains red or It can 
become red. A couple of soils of Timor, 
collected by Jonker (l 9 l 6 )^° belong here. 
These soils were described by him as fol- 
lows : 

No. 700.^^ "Surface soil near 
the village of Patoe Ino, 'approximately 3 
km. from Nlkl-Nlkl, Is a dark red, light 
clay. The thickness of the soil layer Is 
approximately 30 cm. It Is residual, hav- 
ing weathered from Permian crlnold chalk. 
The vertical layers were originally red, 
but are now bleached. The land Is approxi- 
mately 370 m. above sea level. It is not 
used for growing crops, but Is covered 
with grass." This soil la Indeed dark red 
and bleached In flecks to a dingy gray, 
but when was It bleached? This Is an open 
question which cannot be answered without 
closer local study. This soil Is "sand"- 
contalnlng In so far as calcareous sand, 
besides quartz, still remains In It In the 
form of fine and very fine sand, as well 
as silt. The "clay" Is thus really a fine 
3 andy loam. It Is light, since the high 
lime content flocculates the colloids 
present. That the soil layer Is but 30 cm. 
thick Is to be laid to the double erosion; 
water erosion or sheet erosion In the 
rainy season, and wind erosion in the dry 
time (compare page I90) . 


No. 701. "Soil of village Bltono 
near Ollolok camp, 420 m. above sea level, 
on a complex of flat hills. Dark red, 
light clay, lying on marly limestone, 
originally grayish green, weathered red 
on the surface. Ammonite chalk, Permian. 
Growing only grass." 

Actually this soil also Is no clay, 
but a sandy loam. It Is light for the same 
reasons that the previous one was light. 

The clay fraction Is only 22 ^, silt and 
coarse silt 29^, and the sand Is 49^.®^ 

It Is calcareous and rather rich in Iron. 
The formula runs: mK--Wa . Nr . ae . 2, for the 
ground Is fairly pervious. It Is easy to 
understand that In the dry time there Is 
no water for vegetation. Hence grass grows 
In the rainy season, but It dries up after 
the rainy season. 

Whenever the Permian deposits 
possess much coarser material such as 
3 lit -sand, sand and even gravel and stones 
(for example the above already mentioned 
"Plysch") we can expect pervious soil on 
them. This is especially true if the chief 
constituents are quartz and Iron-rich 
minerals. If however, there are, besides 
lime, admixtures In It such as fine. Iron- 
poor loam and clay, then the weathering 
clay becomes a true clay, heavy and Imper- 
vious. Then the soli Isn^t red but black. 
That Is the case at Koepang. However, 
seldom does one find deep soil profiles on 
the hills, since the high lime content 
makes this land friable and granular and 
thus very susceptible to wind erosion (see 
Pig. 103, page 266). 

Chemically these soil types from 
marine deposits are Interesting, since they 
possess so much phosphorus, as has already 
been touched upon above (page 262). 

Clark^^^ records a P2O5 content of 
0 . 30 ^' as the average of 51 analyses of 
"red clay," a red deep sea silt. In addi- 
tion he refers to the following analyses 
(Table 68, page 266) by Brasler.®'* 

Even though these figures for 
CaaPpOa be recalculated Into P2O5 (the 
latter being 45 . 8 ‘T^ of the former), the 


90. These notes by C.H. van Hai’reveld-Lako and 0. Arrhenius are included in: Oondondorzoeklngen van de 
Buitenbezlttingen, Arch. Suikerind. Nod. -Indio (1927); Meded. No. p. 720-722. 

Numbers eure those of the Proof station Java Sul ker-Indus trie. 

^2- L. c ., p. 722. 

F. W. Clarke, Data of geochemistry, U. S. Geol. Survey, Bull. 3rd Edition, p. 513. 

Clarke, 1. 0 ., p. 308. 
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P’loto Lorcntz Expedition 19 I 

Flp;. 103 . Sout' western Tiinor. Alon;.; tl.o Koopan.'j-Pinkassl road. A 
spur of the AJer Mali, Blackearth with llraestono ;Tavol, — Character- 
istic savanna vegetation with 'ojabrolla a'-aped trees. (Sec pa.cp '-73.) 


quantities of rlioaphorlc acid in the 
Radlolarian ooze, the Globlgerlna ooze 
and the Pteropod ooze are still hip.h. The 
diatomaceous ooze is less rich, and the 
red dee,.; sea clay by far the poorest. 


and orip.inat inp: from it throu^’^h weather in,’: 
thickness of the weatherlnp, layer about ^+C 
cm. Thickness of the lime layer only a 
few n. " 

This land has an extraordinarily 


Table 68 


Red clay 

Radlolarian ooze 

Diatom ooze 

Globlgerlna ooze (poor in lime).... 
Globlgcrlna ooze (rich In lime).... 
Pteropod ooze 

The analyses made at the Experi- 
ment station for the Java Suf^.ar Industry®^ 
are entirely in agreement with these: 

"No. 697 (and 698). Surface (and 
sub-) soli near village Baoen, Amarassl 
(southeast of Koepang), from a flat part 
of the hills at about 400 m. elevation 
above the sea. Slightly cohesive black 
soil with much lime, lying on Pliocene 
globlgerlna limestone and coral limestone. 


CaCO'j 

Co P^Oq 

Avcra,'p; Depth 

0.92 i > 

0.19 I 0 

about 3000 fathoniS 

3.89 " 

1.39 " 

" 3000 " 

19.29 " 

..41 " 

" 1300 " 

57.61 " 

2.80 ” 

" 2000 

92.64 " 

0.90 " 

" 2000 

82.66 ” 

2.44 " 

” 1000 ” 


high phosphorus content, namely 0.44p7' PrO> 
soluble in HCl, of which O.J>79% is soluble 
in citric acid. 

In contrast with this soil is tlie 
following: "No. 702. Soil of village 

Atamboea, about 1 I/2 km. from the Talauk 
River, which has carried out this material 
from the surrounding hills consisting!: of' 
lime and volcanic tuff of Permian age. The 
ground is very deep and lies at about 500 1 
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above the sea. Extensive grass plains 
with very high grass, maize and rice. This 
land contains very little phosphorus." The 
P2O5 content Is 0.025^ soluble In HCl and 
0 . 003 ^ In citric acid. 

Regarding the locality where this 
sample was collected Verbeek^® says: "it 
Is a Quaternary lake deposit," formed "by 
the large river Talau" and others. The 
underlying rock Is sandstone. "The plain 
Is surrounded on all sides by hills, on 
the northern side by serpentine, on the 
southern side mostly by Tertiary marls,.... 
Through successive erosion of the Quater- 
nary lake desposlts" "the Talau river" 
formed ’’a series of seven terraces," from 
283 rn. above sea level to 330 meters. The 
soil No. 702 mentioned before Is thus ap- 
parently quite well drained and leached 
out. In a conglomerate In place besides 
massive limestone, Verbeek established 
quartz porphyry (see the above collected 
list of rock analyses) and serpentine. 
Without doubt this explains the low phos- 
phorus content. 

Apart from that, this soil Is 
called by Jonker "yellowish brown and 
light," a yellowish gray sandy loam soil, 
free from CaCOs. But because of Its sand 
and silt content It Is moderately pervious. 

Except for the few Investigations 
of the Experiment Station at Pasoeroean, I 
have not been able to find any further 
analyses of Timor soils. The vague consid- 
erations given here show the need for more 
figures . 

Although the necessary figures are 
lacking, we can borrow from a report of 
Timor, by the agricultural adviser J. 
Straub®^ the following, which In Itself Is 
quite worthy of mention. 

Along the road from Koepang toward 
Baoeng "only lime formations were observed, 
along with the weathering products from 
them--black earth and red laterized earth." 
If the soil Is very permeable, weathering 
of type Ne.Nr.ae Is possible, and with 
laterlzatlon would develop the red color. 
Near Boeraln for example the profile below 
^^3 measured (scale 1:10) and sampled: 


I 


II 


III 


10 


I = Black, sticky surface soil, (2.5 
year coffee on it, doing well). 


II = Still more sticky, heavier than 
horizon I; black with a reddish 
25 tint. 


45' 


III = Reddish, crumbly, but almost 
moro sticky than II. 


IV = Loose material, hardly sticky 
at all, dark yellowish brown 
(moist) ; becomes light yellowish 
brown when dried in the air. 
Moist to 1 m. depth. 


100 


"Horizon I Is pervious, while II 
and III show poor Internal drainage. Layer 
IV Is well drained." Since that Is so, 
then It Is conceivable that In the transi- 
tion from III to IV the conditions Nr.ae 
prevail and a red color comes In. The 
heavy surface soil above the layers II 
and III which hold the water a long time, 
however. Is subjected to n.vv.am condi- 
tions and can as a consequence become 
black. 


One other profile. No. 13, meas- 
ured near Baoeng, exhibits a dry surface 
soil of 10 cm. black, specked with white 
points (of lime). Below that are 45 cm. 
of blackearth, with lime concretions. And 
then just below that Is the parent rock 
(limestone) . 

Even though these two blackearths 
lay at about 450 m. elevation, others were 
found at greater elevations farther north- 
east. These are: No. 8, near Olboeboek 
(in Mollo) at 1,000 m. elevatlon--No. 11 
near Lo-el or Loll (in Insana) at 6 OO m. 
elevation and No. 12 near Fatoehauk (in 
Insana) at 650 m. elevation. 

Below Is a description of the 
profile at location No. 11: 


^6. R. D, Verbeek, Mol ukkonver slag (1908), p. 347-348. 

97. Extract from the report of the agricultui'al adviser let class of the district Ball and Lombok, on 
the occaalon of a visit to the Island of Timor (Netherland’s portion) -June /September, 1930. 
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I a cultivated soil, loose, black. 

II = black, more dense, water hold- 
15 Ing. 


Ill = padaa layer, not especially 
distinct; a little yellowish 
40 coloring. 


IV 


black, sticky soil, mixed with 
limestone (concretions), con- 
tinues to 1 m. depth (and 
deeper) . 


IV 


100 


The rainfall will be about like 
that of Kefannanoe; hence having a dry 
monsoon. What layer III really Is, cannot 
be made out from this scanty description. 

If It is true that these black- 
earths agree In type with those of south- 
western Timor, then this type Is also rep- 
resented by No. 697 of the Experiment of 
the Java Sugar Industry (see page 264) and 
the statement by Brink (pages 170-172) 
cannot then be maintained as generally 
applicable. For Java It may be true that 
blackearth 3 --He . nvv , am do not occur above 
200 m. elevation, but for Timor this rule 
does not hold good. 

Although very little was recorded 
about the horizons, without doubt profiles 
Nos. 9 and 10 are Interesting. The samp- 
ling sites lie In the Mlomaffo region, 
near Nalpfesoe, at 1,200 m. elevation and 
near Ebang at 1,500 m. elevation. In cof- 
fee plantations. Regarding No. 9 It Is 
stated: 

I s= 0-20 or 25 cm. Weathered, reddish black 
cultivated soil, dry. 

II = 20 or 25 cm. to 55 or 60 cm. Padas layer 
(the kind of "padaa" is not 
recorded. 

Ill - 55 or 60 cm. to 100 cm. white loam layer, 

which Is uniform down to 1 m, 
depth (and farther ?). 


Profile No. 10 is: 

I « O-I 5 cm. Surface layer. Field strewn with 
stones (Parent rock? or Iron con- 
cretions?). 

II ■ 15-45 cm. Padas layer, as In No. 9* 

III a 45-100 cm. White loam, as In No. 9. 

* * # # # 


In the Netherlands Indies ’^ padas " 

Is the term applied to any hardening of a 
concretionary nature. The nature of the 
cementing agent Is very Important. Ac- 
cording to the description the possibility 
appears to be In no sense excluded that I 
Is a layer oE, similar to the lixivium, 
(described on pages 143-44), lying upon I 3 
(ore deposit) and 1 2 (white clay or loam), 
from which the Iron has been leached. In 
th^it case there would exist an analogy with 
jthe old profiles of the region to the north 
of Roeteng In Flores ( see page 236 ) . In 
Frontispiece A one would find these condi- 
tions In stage 4. Since the altitude Is 
about 1,200 m. above sea level, the surface 
soli of the red earth can be much more 
humous than In Flores. Closer research 
both upon the samples as well as at the 
site Itself, particularly down deeper. Is 
certainly very desirable. 

Then it is also a question whether 
the following Profile No. 7> from AdjanbakL, 
north of Kapan and lying south of sample 
sites Nos. 9 and 10, Is closely connected 
with It or not; 

I » O-I 5 or 20 cm. Dry surface soil, red, 
later Ized. 

II a 15 or 20-40 cm. Moist, sticky, dark red. 

Ill ■ 40-? Padas, reddish yellow (and what IIO 0 
under It?-- B. C. J. Molu')- 

This place lies at 1,170 m. above 
sea level. Judging by the coffee which 
was growing on It, It la a good agricul- 
tural soil. 

In addition there are found In the 


The layers II and III are moist, 

and sticky with ground water at about 4m. # * ♦ # « 

depth. 
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above-mentioned report of agricultural 
adviser Straub all aorta of remarka which 
relate only Indirectly to the aoll Itaelf, 
but rather relate to the uae which la made 
of the aoll; therefore they are dlacuaaed 
In the following section. 

Summarizing what haa been dlacuaaed 
above, we come to the general conclusion 
that In Timor on the hills and on the 
higher mountain lands the aoll, although 
frequently shallow cannot be heavy and Im- 
pervious, due to a climate which almost 
never produces a lime-free heavy clay. 

There are not many plains, but 
those that exist have heavy aolla. Some 
examples are the plain back of the bay of 
Koepang, on the southern coast/ around the 
mouths of the Noll Mina, and farther north- 
east, along the Noll Benaln. If, In the 
east monsoon calcareous earth from the 
southeast blows out over It regularly, then 
this process promotes a physical and chemi- 
cal Improvement of the soli. The large 
rivers bring another sort of silt than Is | 
carried by the S. Rokan on Sumatra, or the j 
Barlto on Borneo. Therefore the plains of 
the Walwlkoe and the Valhall give evidence 
of great fertility. Practically nothing 
Is known about those plains along the Noll 
Mina and the tract Is still nearly uninhab- 
ited. 

Along the central course of the 
Noll Benaln which runs In a southwestern- 
northeastern direction there lies likewise 
a plain which Is practically uninhabited. 

The supposition Is obvious that the lack 
of occupants Is because of the fierce 
drought In the east monsoon. If the al- 
luvium is sandy, then the soil Is presum- 
ably reddish gray. If It is heavy and pre- 
dominantly clayey, then It must be black 
to dark gray. 


Evaluation and Utilization 
of the 3oll3 

Many who have travelled In Timor 
^nd put Into writing their Impressions 
refer to “the alarming deforestation of 
Timor, as a result of which the already 
ll^ln layer of earth Is eroded away and the 
3tony subsoil comes to the surface.” It 
Tsj however, a question whether, even In 


earlier times with a sparser population, 
the greatest part of the Island was ever 
forested. Vhen Gramberg®® In 18^0 trav- 
elled through Vest Timor, he recorded that 
there was forest at various places, but 
concerning the environs of Bakoeln (on 
later maps: Bokwlen) he wrote as follows: 
"involuntarily one Is reminded of an Eng- 
lish park when one sees the scattered 
groups of trees and weakly rounded slopes, 
covered with a soft grass sod, where the 
horses can cheerfully graze." The local- 
ity referred to Is on the slope of the 
mountainous land toward the northwestern 
coast. There Is a fierce east monsoon and 
the park landscape Is the natural result 
of this (see Pigs. 104 and IO5, page 270) . 
The vegetation has probably never been 
anything different In the entire coastal 
region from the north of Koepang bay to 
Atapoepoe, and still farther to within the 
Portuguese Territory (see also Fig. IO6, 
page 271). 

Also behind Koepang, In the depres- 
sion of Amanoeban to south of Bebokl, and 
on still other terrain seldom may any 
other vegetation ever be expected than 
savanna (see Pig. 107, page 27l), with 
here and there a few trees or groups of 
trees. Reforestation alone would not have 
much effect. Although the soil does not 
appear to be bad, it Is probably quite 
thin (see Fig. 108, page 272). 

There are certain parts of Timor 
where favorable climatic conditions pre- 
vail and where substantial forests must 
have stood. These have been unjustifiably 
chopped down, and only with difficulty and 
with much expense can the land now be re- 
forested. But In order to provide a more 
balanced run off and higher minimum flow 
for irrigation, reforestation must be 
practiced. The amount of rain that falls 
upon the Island Is certainly not so small 
that one would have reason to despair. 

Graraberg called "the Babauw dis- 
trict a dreary, Infertile plain, with a 
scant supply of water." But farther on 
he recorded that Babauw Is the rice barn 
of Koepang, since rice paddles are laid out 
there In the ralpy season. The land Is 
q ulte good, the question being entirely 
one of water . And this Is the case not 
alone near Babauw but at a number of other 


J. S. G, Gramberg, Verb. Batav. Gen., 56 (187^) > P* 162-217. 
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Photo hy H. T. Bljlmer 

Fig. lOU, Southwestern Timor . —Country near Soe. Almost a tree sa- 
vanna on poor, thin soil on calcareous marl. 



Photo by H. T. Bljlmer 

Fig. 105. Central Timor .—Typical landscape. Tree savanna 
with umbrella shaped Acacias. 
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Photo hy H. Wltkamp 

Fig. 106. The plain of Caihada (Salbada?) Partugueee Timor. No 
longer savanna, but steppe, closely approaching desert. 



Photo by H. T, Bijlmer 

Fig. 107. Southwestern Timor. Savanna near Soe. Low, gnarled for- 
est in and along a stream cut. 
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Photo "by D. F. Bunte 

Fig. 108 . Southern Timor.— Leafless trees in the fierce dry 
season on shallow, stony soil. 


places on Timor. One would be astonished 
as to how many rivers and creeks have water 
the whole year through, although there are 
also many which in the dry time are com- 
pletely dry, once the heavy floods of the 
rainy season are over. Kruljt®® records 
rice paddies near Noil Noni, which can be 
laid out only in the dry season, since the 
river from which water must be obtained 
flows the year around. But in the wet 
season it frequently floods so strongly 
that irrigation ditches cannot be con- 
structed. When circumstances permit it, 
a number of smaller irrigation works on 
Timor will most certainly give important 
results . 

As Molengraaff has repeatedly 
remarked, it is true that Timor especially 
In and along the depression is geomorpho- 


logically a young land, since it first 
arose above the sea later than the Plloceii 
and is stU-l rising. Hence the river val- 
leys are steep and deeply incised. Beside 
the difficulties which this topography pre 
sents in laying out highways, it is a ser! 
ous hindrance for Irrigation works. It 
can also easily be understood why the 
primitive inhabitants, with the only meapr 
means at hand, could accomplish but little 
Be that as it may, it seems to me that 
there are undoubtedly still great oppor- 
tunities on Timor for Occidental technic. 

We may safely base this statement 
upon the following considerations: Scanty* 
poor quartz seindstone lands are scarcely 
to be expected on Timor, since the rocks 
which produce them are very much in the 
minority. Just as little to be expected 


99 . Alb. C. Kruyt, 1. 0 ., p. 789- 

100. G. A. F. Molengraaff, Veral. Ind. Gen. (1911-’12), p. 205 (Vergad., 26 Mrt. *12). The same: Verel. 
icon. Akad. v. Wot., Amat. (29 Junl 1912). 
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are heavy, but radically leached out soils, 
(hH ) since the climate gives no occasion 
for this. If the rocks, In general, were 
not rich In lime, and In the dry season 
the soil was not subject to severe vlnd 
erosion, Intermittent washing out (Nr.) 
might lead to this. This erosion lessens 
the thickness of the layer of mould, but 
on the other hand It Incurs a continual 
rejuvenation. Continually new rocks are 
exposed to weathering. Wliere, however, the 
soil lies flat and continuously wet, as In 
places back of the bay of Koepang, near 
Parltl, very heavy clay does exist. From, 
the nature of the case, as long as marine 
clay Is submerged during high water, noth- 
Ing can be cultivated on It. However lf‘ 
it comes to lie above even high water, 
more Is to be expected of it. 

If In conclusion It Is realized 
that chemically, as to the P, Ca-, Mg-, and 
K- content, most Timor rocks and especially 
the extensively occurring Permian forma- 
tions are far from poor, then in this re- 
spect also, the prognosis is favorable. 

The facts in no sense contradict 
this. Gramberg^ described the beautiful 
valley of Lelogama as reminding one of the 
Preangar. "in the longest part of this 
valley flowed a clear brook. All houses 
had gardens; --everyttiing point, ed to the 
fact ttiat here was a large prosperous 
village. " 

Van Rletschoten^ who In 191i 
travelled over Timor mentioned, besides 
Lelogama, also Nefokoko as a prospercr.is 
tract. To the west of Kapan he found much 
coffee growing. Different, writers and 
officers of the Home Department also re- 
cord good stands of coffee and point out 
the possibilities of extension of this cul- 
ture In the mountainous regions. 

The attention of Van Rietschoten, 
however, was drawn especially to the 
plains. He considered the plains of Nai 
Ilmoe and Aooroeki in northeast Nether- 
lands Timor relatively fertile. Mandeo 
plains Impressed him as being less fertile 
hut then he says that this Impression was 
incorrect, for here and there they ob- 
tained even 3 harvest per year.^^^^' 


n't* L. c . , p. 187. 
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ON TIMOR 


Molengraaf f pointed out that 
"superb soils, originating from the we-ath- 
erlng of loose young products of eruption, 

(ef Plata soils) are not found on Timor 

Nevertheless the land is very favorable for 
maize and grass. I have never seen an 
Island, except Soernba, where the grass Is 
so excellent." 

That the lan-e Waihale--Walvlkoe 
plain is fertile, Is evident in the first, 
place from the occurrence of very many coco 
palms. And in addition to the food crops 
rice and maize, areca (betel) nut [-alms 
( Arena cat.echu L.), aren palms ( Arenpna 
[. Inna a~ ( W u rmb . ) M e r r . ) , f'ebang palms 
( Cory{,ha gf)banga ) , and pamyra [aims ( Boras - 
3U3 f label lifer ) , kinds of pandans ( Pandanus 
spp . ) , kapok, fruit trees, and even tobacco 
arc growing well. The growing of sweet po- 
tatoes ( ipomoea batatas (L. ) Polr. ) indi- 
cates a lighter alluvial soil while [Plant- 
ing s of peanuts and cotton mark the heavier 
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true tropical iiigh forest. It will be in- 
teresting in the course of time to learn 
viiether peat formation also occurs there. 
According to the conditions which li,mit 
[>eat devei opmt'uit as given on pages 108 and 
157 , the richness in lime of the surround- 
ing mountains and of the river valley of 
the Noil Mina greatly reduces the possi- 
bility of peat formation. In descriptions 
of the Waihale-Waiwlkce plain no mention of 
.peat has been found. 

Although today but little dense 
foest occurs ui on Timor, th.ere is sMil 
found a good deal of thin forest (see 
Figs. 10 10 m, and lOp). It is mostly a 
sort of low forest: along tlie coast man- 
grove vespec ial ly Brugulera !^' ; in moist 
places with fresli water, durl bam.boo ( b am - 
bus a bambos ) , b u t also t air, a 1 * I nd ( Tamarind us 


*81. Ind. (kui. {1911-'10), p. OOo. 
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Indica ) ; and in addition gebang palms 
( Corypha gebanga ) . Here and there, there 
is quite a good deal of kosambi ( Schleich - 
era oleosa ) or pllang ( Acacia leucophloea ) ; 
and somewhat higher are Casuarlnas. Lover 
down in dry regions are countless palmyra 
palms ( Borassus flabellifer ) , and higher 
up is much cajlput ( Melaleuca leucodendra ) . 
In the report cited, Straub postulates that 
where Eucalyptus and pllang make way for 
stands of Casuarina and tamarinds, the 
soil ought to be better. Perhaps this is 
mostly a question of available soil mois- 
ture, but as yet this subject has not been 
studied. 

Areca palms ( Areca catechu ) and 
cocos have been planted only on the better 
(usually alluvial) lands with adequate 
moisture. This is also true of fruit 
trees. The success of such Leguminosae as 
dadap ( Erythrina ) and ipipll ( Leucaena " 
glauca ) as well as the natural rise of 
Acacia leucophloea and tamarind, points to 
a natural richness, at least to an ade- 
quacy of mineral nutrients. Nitrogen (and 
humus) presumably are in the minimum. 

This corresponds with the heavy erosion in 
Timor which, if not restrained, either 
washes off or blows off all humous surface 
soil. 


In conclusion, let us pause just a 
moment to look at a picture of Central 
Portuguese Timor, reproduced as Fig. 106. 
Such a desert-like landscape is certainly 
an extreme of what the Indian Archipelago 
exhibits . 


« « « « 


NETHERLANDS NEW GUINEA 

Only in recent years has a general 
interest been taken in this region. To a 
great extent this Interest arises from the 
supposed possibilities of an agricultural 
nature, possibilities which are most 


connected with the nature of the soil. 
Since I was not able to see this land and 
learn about it at first hand, I am obliged 
to borrow all data from the coirmunication;: 
of others. But it is advisable for us to 
give considerable attention to the soil or 
Netherlands New Guinea. 

But this is a difficult task be- 
cause of the scarcity of direct observa- 
tions relating to the soil, to say nothing 
of the absence of systematic descriptions 
of soils In the literature. It Is of 
course not the case, but it would seem as 
if researchers in the natural sciences, 
such as geologists and biologists, and 
also officers, civil servants of the Hock' 
Department, missionaries, physicians, etc., 
have always been careful to avoid record- 
ing any information regarding the soils of 
the regions in the descriptions which they 
gave of districts travelled through for 
the first time) Presumably the reasons 
for this are, however, negative rather 
than positive. That is, they gave only 
general attention to the soil. Therefore 
even today I am still almost entirely 
limited to indirect deductions from obsoc - 
vations of an entirely different nature . 

It is sincerely hoped that the reader will 
keep this in mind, particularly with ref- 
erence to the soils of New Guinea. 

Before commencing a consideration 
of the subject under the usual headings, 
let us consider a subdivision of this vast 
region. Usually the "Birds ‘s Head" (Vogcl- 
kop), the western part up to Geelvink Bay, 
is considered separately. Also in con- 
formity with the example of Zwierzyckl 
the enormous region easterly from that may 
be divided into t; strips, running more or 
less east and west: 

1. Northern coastal plain 

2. The Northern Watershed mountain range 
The central lake plain (Meervlakten) 

4. The 3now Mountain range 
The Southern Coastal Plain 

The "Bird's Head" will be discussed la.stly* 
under (6) . 


105. J. Zwierzyckl, TO0I. b/d blad. XIV en XXI der Oeol. Overz. Kaart v/d Nod. Ind. Arch., Jh. Mljnv. 
{1927), Verb. I, pp. 248-508. There also a bibliography of geological literature. 
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Soll-Formlnp; Rocks 

Nos. (l), (3), and (s) of the above- 
mentioned subdivisions of East Nether- 
lands New Guinea are of alluvial, and lo- 
cally of course also of colluvial nature. 
Consequently the soil forming rocks will 
have to be sought elsewhere, l.e. In re- 
gions Nos. (2) and (4), the mountain 
ranges. While the northern watershed moun- 
tain range and the Snow mountain range may. 
In many respects, differ considerably geo- 
graphically and geologically, yet petro- 
graphlcally, at least from the standpoint 
of this book, the similarities are much 
more striking. 

In both mountainous regions Igneous 
and sedimentary rocks as well as metamor- 
phlc rocks are found. The centers of the 
folds and ridges are granite and dlorlte 
as well as crystalline schists. These are 
flanked on the north and south and covered 
even to high over the top by older and 
younger sedimentary rocks, from Devonian, 
through Permocarbonlferous , Jura, Palaeo- 
gene and Neogene to Quaternary, Besides 
granite and dlorlte in the central ranges, 
there are also basic Igneous rocks such as 
diabase, gabbro, and serpentine. Younger 
eru])tlve3, such as andesite and basalt have 
been found only very sporadically in this 
part of New Guinea. Those that do 
occur are of Old Neogene age. It is be- 
cause of the relatively unimportant vol- 
canic activity of that period that only in 
the lowest Neogene do tuff sandstones and 
conglomerates of lime with andesite or ba- 
salt fragm.ents occur. 

Nearly all the sedimentary rocks 
are marine, since in all formations excopit 
the Devonian and the youngest Neogene (the 
brown coal zone), marls and limestones are 
tart icularly dominant. The Neogene seems 
to occupy the greatest surface and Is very 
rich In marls, marl sandstones and lime- 
stone. The Snow Mountain Range appears to 
possess still much more Neogene limestone 
than does the Northern watershed mountain 
^'ange (see Fig. 113, pag,e 280). The cal- 
cium carbonate is in part coral lime, and 
tn part Foramlnlfera lime. 

Sandstones, sometimes with 


muscovite, sometimes containing Iron, are 
found In the Devonian, and In the Paleogene 
and Neogene. In the Jura formation, many 
black slllclous slates occur. In the Pale- 
ogene are characteristic purple and green 
marl shales and slates. Besides lignite, 
soft sandstones, and clays In the younger 
Neogene, only rocks of this period are 
said to include typical brackish water and 
fresh water sediments of the period of the 
beginnings of transformation to land. 

In brlef--all kinds of sedimentary 
ro(!k3 are to be found upon New Guinea. 

The areal extension of the different types, 
however. Is as yet undetermined. 

The rivers flowing from the Northern 
watershed mountain range and the Snow Moun- 
tain range undoubtedly must have been car- 
rying much silt and sand toward the low 
land for a long time. It Is from this ma- 
terial that the Northern coastal plain, 
the central lake plain and the southern 
coastal plain have been built up. The 
character of these plains is discussed in 
a subsequent section. 

The "Bird’s Head," West New Guinea, 
Is tectonically somewhat differently built 
up than East Netherlands New Guinea. 

It Is apparent that the western continua- 
tion of the Snow Mountain range, to the 
south of the Geelvlnk bay, bends around 
toward the north northwest. The Northern 
Watershed mountain range continues west- 
ward over Japen island, so that both chain 
complexes unite In the "after head" of the 
Bird’s Head. There do not appear to be 
essential {.etrogaphlc alterations of the 
centra] chains. Yet, both in the east and 
in the north of west New Guinea, crystal- 
line schists, granite, diabase, gabbro and 
serpentine are found. Above them Is some 
Permocarbonlferous, much Jura and perhaps 
some Chalk. 

The interesting difference is, how- 
ever, that where the north and south chains 
come together very likely a quite extensive 
young volcanic mountain range makes Its 
appearance, the Arfak mountains (see Fig. 
109, page 276), consisting of andesite and 
basalt. West northwest along the whole 
northern coast from the Prafl river In the 
east to as far as Sorong In the west and 


I''''’- Zwlorzyckl, , p. 
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Photo by Goozzen 

Fig. 109. Waet New Gulflea. One of the Angl lakes, in the Arfak 
'Tiounta in range . In the foreground poor, natural vegetation. 


even a little on the Island Salavat 1, there 
is a still more extensive andesite region 
which, here and there alternates with Neo- 
gene . 

South from the old mountain chains 
mentioned, also upon Bomberal peninsula, 
the lower jaw of the "Bird’s Head," Is the 
principal Neogene with very much limestone. 
Along the open beak, the MacClure gulf, 
very low alluvial plains lie spread out to 
the north and south. The southwest side of 
the small part (the lower edge of the neck) 
has a large Paleogenlc limestone mountain 
range. 

Also upon the extreme northeastern 
part of the Bird’s head Is Neogene with 
limestone on the surface. The Important 
town of Manokwarl Is built on this forma- 
tion. 


♦ # ♦ ★ ♦ 


If the above be condensed into a 
few words, then It may be said that the 
soil-forming rocks of Netherlands New 


Guinea In the main are entirely different 
than, for example, those of Java and 
Sumatra. They are more like those of 
Borneo. There Is a great diversity of 
sedimentary rocks, for the greater part 
more or less calcareous. Next In Impor- 
tance are old Igneous rocks and crystal- 
line schists. Volcanic activity In Nether- 
lands New Guinea Is limited to two small 
regions In the north of the Bird’s Head. 
There are a few other sporadic occurrences, 
more as an interesting accessory. In the 
Neogene of the northern coastal mountains 
of Eastern Netherlands New Guinea. 


Climate 

What Is known about the climate of 
Netherlands New Guinea Is relatively very 
little. This knowledge rests upon regular 
observations, taken at a few places alotv, 
the coast, and further upon numerous inci- 
dental measurements and observations made 
during the different expeditions and recon 
nalssances In the Interior. Braak li^ 
1929 collected the available material lu a 


108. C. Braak, Kllinaat v. Ned. Indie, Dl. II, p. 502-529. 
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very creditable manner. Three years later 
the "Board for Studying New Guinea" Issued 
a report under the title "The Indian 
Committee for Scientific Researches," In 
which there is found a short but good 
comprehensive digest of Braak's data, sup- 
plemented with more recent data which Braak 
did not have. 

For the purpose of this book we 
must view the literature from a somewhat 
different angle than those writers did. 

The first cardinal question is not as to 
whether the climate is physiologically 
agreeable for man who may go there to 
settle, but rather--what is the soil cli- 
mate there? What type of weathering 
occurs? This leads us to the following 
discussion, which as far as rractlcable 
rests upon factual data, but which must 
include all sorts of hypothetical elements. 

The Temperature . --Because of the 
great height to which the Snow Mountain 
Range rises, not alone in a few, isolated 
summits, but in long ridges and even con- 
siderable highlands, no other single island 
of the Netherlands East Indies Archipelago 
shows such great temperature differences 
as does New Guinea, But since the effects 
of the monsoons are relatively slight, any 
one point on this extensive land exhibits 
little variation in temperature. Only the 
south coast, facing toward Aust-ralia, is 
influenced by that large continent. The 
average temperature, during the season of 
the wet monsoon is as high as elsowiiere in 
the Indian coastal regions, namely a little 
above 27 But because of the Australia 
winter in the dry monsoon, the temperature 
falls to 24.,^°C, thus a little more than 
3^C lower. In the west and especially 
along the north coast, the temperature is 
much less variable. At Manokwari, for ex- 
ample, the average monthly temperature 
maximum is 26.3° C (Nov.) and the minlmui:'. 
l3 2!j.7°C (Peb.). Thus the difference is 
not even one degree C. 

Since New Guinea is still for the 
greater part covered with forest, the soil 
temperature will not differ much from the 
average air temperature, and quite closely 
conform to the formula: t ■■ about 26^ - 
V‘j n, in which n is the elevation in 

^ 09 . Rapport van 21 Mrt. 1952, afz. godr., p. ‘^-9* 
tlO. Compare this book, pages 42 -4b. 


hundreds of meters. But where the forest 
is lacking and cogon is the principal cover, 
such as in the wide zone of savanna to the 
north and northwest of Merauke, tPlg. 110, 
page 278), or on the north coast here and 
there about Humboldt bay (Plg. Ill, page 
278), the temperature most probably runs 
up a couple of degrees, especially in the 
upper surface soil. And where there is 
bare, clean cultivated soil, in the above 
formula in place of 26^ as much as 29^ may 
have to be written. 

At approximately 1,500 m. elevation 
the soil tem.perature must consequently be 
approximately 17*^ to l8°C. At 3,000 m. 
elevation it is approximately 8 to 9°C, 
while at about 4,400 m. the snow line is 
reached. This is only 2,000 m. higher 
than in the Alps. (See Figs. 112, page 279, 
and 115, page 280.) 




It is generally known that while 
the average annual temperature of the 
Netherlands agrees fairly well with that 
of approximately 5,000 m. elevation in the 
trop'ics, yet the climate of the Netherlands 
and that of a tropical mountain country of 
Now Guinea at 5,000 m. elevation (see Fig. 
112), is fai\ from being equal for man and 
beast. Also it is known that quite another 
flora occurs. But the relationships with 
respect t.o the soil are less generally 
realized, and yet these are important. 

For on New Guinea's highland the soil 
temperature the whole year through is 8 to 
9*^0, and is never higher than approxi- 
mately 10^'C and never lower than approxi- 
mately "'■'C. For soil bacteria the condi- 
tions are therefore never favorable. For 
molds, however, which are quite at home at 
tlie relatively, low temperature, it is al- 
ways favorable 12 months in the year. 
Conditions are also favorable for mosses 
at the summit. If the moisture condition 
In the soil is also the same throughout 
the year, then here there is indeed a 
typical "eternal sameness." In the Nether- 
lands, on the contrary, the soil tempera- 
ture of tlie surface soil in the winter 




Photo by Vorstoegh 

Fig. 110, Southern Nev Guinea. Savanna behind Morauite, with Pan - 
danua. Blackcarth? 



Fig. 111. New Guinea. Hills along Sentanl lake. Deforested by 
kalngln cultivation. The poor soil shows but weak and slow refore- 
estatlon capacity. 
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Photo by A. Pulle 

Fl^. 11?, New Guinea. Wlchinann peak (3,12‘3 in.) and In the distance 
at the left Wllheluilna Mountain Ran^e (above h,000 in.) seen from the 
crest of the Treub Mountains (2,56'; m.). — At the elevation of 2,000 
to ^,000 in. everywhere still closed high forest, under which is 
humous surface soil. 


falls close to and below the freezing 
point, while In the summer It may go to I6 
to l8°C, yes, even to above 20 ^C. After a 
quite complete Inactivity In the life of 
the flora and fauna during the winter, a 
period during which an Intensive bacterial 
life can develop follows In the summer. 

Mold vegetation becomes dominant In the 
autumn and somewhat less so In the spring. 
It Is obvious that the content of nitrogen 
compounds, In particular of nitrates, in 
the course of the year In the Netherlands 
f^ust exhibit variations which are precluded 
In the tropical highland. Stating the 
above in general terms: the conditions of 
^ood supply of the vegetation In the two 
above-mentioned tracts of the earth are 
bound to be very different. The vegeta- 
tion Itself and the residues which remain 
behind on and In the soli, the so-called 
bumus, and likewise the ultimately accum- 
ulated peat must alao be different. 

In the tropical highland where the 
soil la not heavily shaded by forest --the 


uppermost layer of the soil, of perhaps 
2-3 cm. depth can attain a sufficiently 
high temperature, so that considerable 
nitrification can occur. This may be the 
case under thin forest (see Pig. Il 4 , page 
280) where the root systems of the trees 
are found just below the surface of the 
soli. In the Netherlands, on the contrary 
during the summer the warmth penetrates 
deeper, and the hardwood forest is thicker 
and can extend its network of roots deeper 
As a consequence, surface erosion removes 
from the tropical highlands surface soli 
of relative higher value than in Central 
Europe. Erosion Is thus more detrimental, 
and the silt coming from such highlands Is 
of relatively more value than river silt 
in Central Europe. 


With respect to rainfall , a part 
of Netherlands New Guinea can be at once 
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Telephoto h/ P. F. Hubrocht 

Fir,. II?. New Guinea. — View of the hl^h moimtalns with Wllheljnlna 
Peak (^,700 ) — inot'idos more than l,;k)0 m. dlfferonce in elevation, 

and thue ve per; e teal enow without vegetation, on a soil of rock 
fra.'pmenlG aLiaoat or eittlrely imweatherod. Fore^^ound: Gtlll oloGed 
foreat, vhic’i hi vhcr up changes over into elfin wood and bushes. 



Photo by G. M. Vereteog 


Fig. 114. Southern New Guinea. Small Papuan camp on the upper Sande 
River .—Light high foreet, with many vortical trunks and poor under- 
growth. 
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differentiated from the rest, namely the 
southeastern part of the southern coastal 
plain. This portion has a very distinct 
dry monsoon. In the rest of that exten- 
sive region in some years a few dry months 
occur, hut for the stations for which the 
Observatory at Batavia has published rain- 
fall figures (see Table 69) there is not 
a single station which shows even a single 
month with an average less than 70 mm. 


also indicate nothing about this. Tne 
conclusion is that with the exception of 
the southeast, the natural vegetation for 
the whole of Netherlands New Guinea Is an 
unbroken tropical high forest. This is 
not far from the truth. 

In the report of the "Board for 
Studying New Guinea" ( 19:^2) a few remarks 
were made^^^ which might be included here: 
The further west along the southern coast 
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d Hoinirulla, Domta nnd Snrml lie along Iho caHU'r:. '.'art of tha r.i^rttu'rn v'onnt; Jenda, Wlndnsl and Manokvai'l along the west coact of 
■leHlvlnck Bay; Sorong close to the west cap"; Babo and Koehs on McCluer Bay; Fakfak on the west coast of Bomberal; Kalmana further 
southoeBt on tho coaHt; Okaba and Merauke enttmly In the tuiitheast ; nn.u Tanah Merah on the Dlgoel River. 


This however, does not mean that there are 
not places which do have cont Inuous or 
average dry months (under nO nm. .), but, as 
yet, there are no figures avallaMe for them. 
As to the rainfall of the entire Interior 
nothing is yet known. The occurrence of 
^continuously or periodically dry regions i 
however, not probable. Tlie exceptions 
^’ould he plains surrounded on all sides by 
Aigh mountains, as the hlgli plain of Ban- 
^loeng. But it is not likely that they 
will be severely dry. The data collected 
the time of the different expeditions 


from Merauke one goes, the less noticeable 
the influence of the dry southeast r.ionsoon 
becomes. Even from the Dlgoel river "no 
difference is to be observed in rainfall 
between the vtist and the east monsoons. 

It is stated that of the 969 days of the 
year, it rains approximately 700 days." 
Where and how long that has been observed, 
is not recorded. However among all the 
nlaces in New Guinea for which the Observa- 
tory gives figures, there is not one which, 
over a sufficiently long time, shows aver- 
ages above 200 rainy days. Ai)d except the 
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Pangeranggo summit with 284 rainy days 
there Is not a single station In the entire 
Netherlands Indies that exceeds the figure 
of 230 rainy days per year. Southwestern 
New Guinea is, therefore, a region where 
additional rainfall figures are certainly 
desirable. VHiatever the figures may show, 
there is no doubt about the absence of a 
dry season. On the contrary--the further 
west one goes, and the closer to the moun- 
tains one comes,, the rainier the climate. 
This is understandable and has been proven 
by observations. It always rains heavily 
on these mountain slopes. 

In the above-mentioned report It 
is inferred that along the northern coast 
the climate becomes drier because of the 
increasing occurrence of grassy plains to- 
ward the east (see Fig. 111). It is, how- 
ever, very much of a question whether these 
are natural grass plains rather than arti- 
ficial ones, for the rainfall of Hollandla, 
the most easterly located station, shows 
(if one includes the years 1929 and 19:50) 
no single month with an average less than 
100 mm. Therefore, forest would naturally 
be expected. Fire in connection with 
kalhgin agriculture has rightly been 
pointed out as the reason for these grass 
lands. If, however, grass plains occur to 
the north of Merauke, they can be ascribed 
to the climate, (which has :> months drought 
during which the rainfall averages under 40 
mm. per month) . Under these conditions, 
savanna is the natural vegetative, cover. 


Ways in Which V/eathering Occurs and 
Resulting Soil Types 

Since a dry season is lacking over 
most of New Guinea, we may reasonably 3 U[)- 
pose that regions with regular, periodical 
ascending water movement in the soil are 
also lacking. There will certainly be lo- 
calities where in some years long continued 
drought prevails, but these will be more 
than offset by the other years with an ex- 
cess of rain, so that ultimately the leach- 
ing exceeds the concentration. The symbols 
NN and nn will thus represent t^ie condi- 
tions. NS or ns must be considered as ex- 
cluded. Perhaps nvv occurs in the savanna 
region of the southeastern corner on the 
heavy alluvial plain, which lies between 
the coast and the lower marsh region lying 


farther Inland. 

Differential weathering must thus 
occur principally according to the tempera- 
ture; that is, according to the elevation. 
Aeration is also an important factor. Am- 
phibian weathering ( am) would occur on 
those areas that stand entirely under water 
in the rainy season, but which in the east 
monsoon become dry enough that during the 
hours or days that it does not rain, air 
can penetrate into the ground, although the 
ground is relatively wet or only moist. 

The am type of weathering occurs along the 
rivers and lakes which, during the months 
of the greatest rainfall, show a water 
level a few meters higher than in the 
months of lesser rainfall. 




Coming now to the soil types we 
will consider them under the same geographi- 
cal subdivisions under which we discussed 
t ho rocks . 

A. The Eastern Part of Netherlands New 
Guinea . -- 

( 2 ) The Northern Watershed Mount^aln 
Range . --According to surface area the N(?o- 
gene miountainous land is the most Important. 
From the limestones and marls which occui* 
in these formations soil types have origi- 
nated which, for the greater part, have been 
determined by the admixtures in the lime- 
stone and marl. The impurities and their 
weathering products remain after the 
more soluble CaCOa has been dissolved out. 
The altitude varies from less than 100 m. 
to somewhat more than 1,000 m. Thereforu 
the region is within the climatic groigis 
He and Wa. The permeability depends upon 
the nature of the admixtures, but unfor- 
tunately little is known about them. It 
is only known that here and there andesih' 
and basalt gravel is found under the soil- 
In these localities, brown to reddish br.ivn, 
more or less crumbling calcareous red onriu, 
lixivia of the formula (K -i- V.b)--(He t(^ 
Wa).NN.ae (2-4) lie on the calcareous ma- 
terials. If the marls possess strongly ^ 
weathered loam and clay which were deptojli^' 
as alluvium, then the soil formula will -n - 
proach (K,+ KI)--(Ha to illla).nn.ae to ai")* 
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( 2 - 4 ). This would cause a red-flecked 
clay soil on low knolls. Such a soil has 
a tendency to slide on the slopes and can- 
not develop to great thickness. From ex- 
perience In northeastern Banjoemas and 
Kedoe (Java) this type Is known to be very 
unstable. This Is especially true, when 
the forest no longer covers the soil. If 
the marls contain much quartz sand, then 
the stability Is Increased, but the fer- 
tility Is not. 

In his description of this Terti- 
ary hilly terrain^ Zwlerzyckl speaks of 
"weakly convex hills with slowly flowing 
rivers between them." Whether or not these 
rivers carry much silt Is not recorded. 

There are "few rapids and almost no water- 
falls In the rivers and moreover landslides 
on hilly slopes are absent." From this It 
may be concluded that true marls (lime + 
clay) seldom occur here; otherwise there 
would be more landslides. In consequence 
the soil must have originated from fine 
sandy limestone and exhibit pale red tints. 
"Everywhere erosion Is far advanced," says 
Zwlerzyckl, and he adds: "miature relief 
forms are developed*. " This explains the 
weakly rolling hilly land. But, If the 
conclusion Is accurate that the soil con- 
sists of pale-red sandy loam, It can 
hardly be very fertile. The following 
quotation Is a confirmation of this: 

"The hills on the shores of the 
Sentanl lake and on the Jotefa lagune are 
deforested and covered with cogon ( Imper - 
ata spp .) (see Fig. 111). Elsewhere the 
entire hilly tract Is covered by unbroken 
tropical high forest." (This last Is as 
we should expect with the prevailing 
climate; note what was said on page 281.) 
"The tropical high forest of New Guinea, 
which frequently Is called Impenetrable In 
comparison with that of Sumatra and Borneo, 
Impresses one because of the scarcity of 
undergrowth between the big trees. Rattan 
la almost absent and Hanes are also not 
numerous. The wild Papuan tribes can 
easily go about In the high forest without 
using a bolo (to cut their way)." 

The forest officers have estab- 
lished the fact that the more fertile the 


soil, the heavier the development of under- 
growth In the tropical high forest. There- 
fore, a forest of a few tall trunks without 
lower vegetation Is always considered an 
indication of unpromising soil. --It may be 
safely concluded from the words of Zwler- 
zyckl that the soils of these Tertiary 
hills and mountains are far from rich be- 
cause they are mature and apparently have 
been diluted by great quantities of quartz, 
as fine or medium sand. The humus content 
is unimportant at low elevations and eyen 
at greater elevations. It Is not high. 

On the schists of the Cyclops 
mountain range a soil of good physical 
characteristics has apparently developed. 
The parent rock Is, on the average, rather 
rich In amphlboles, chlorite and blotlte. 
Epldote, alblte, and quartz, and sometimes 
calclte, play a part In the formation. 
Apatite Is seldom mentioned In the descrip- 
tions^ thus much phosphorus Is not to be 
expected In the soil. Where the land has 
been deforested, probably much surface soil 
has been washed off by sheet erosion. 

What the soil types will be on all 
the different rocks In the Cyclops mountain 
range, and In the Gautier, the Foja, the 
Darlfoera, the Karlmoor, and the Bawanl 
mountain ranges, cannot be described with- 
out local Investigation. In the absence of 
this field work, only vague generalities 
can be stated. It Is certain that the Neo- 
gene mountainous land Is covered with over- 
mature soil. If the soil as a whole Is 
thick and deep, then In this warm humid 
climate it must also be senile, especially 
In the uppermost layer or layers. But the 
soil on steep slopes is less senile, be- 
cause only a short time has elapsed since 
It originated from weathering rocks. It 
Is, of course, very shallow, lying still 
close to the unweathered parent rock. 


(4) What has been said here of the 
Northern Watershed Mountain Range very 
probably applies to the lower elevations 
of the Snow Mountain Range. Above 2,000 m. 


J. Zwlerzyckl, Yersl. Geol. Mljnb. onderz. l/e ged. v. Noord-Nleus-Gulnea, Jb. Mljnw. (1921), Verb. 
I, p. 100-102. 

115 . W. F. OlBolf, Mlkroek. onderz. gest. Noord-N. W. Guinea, Jb. Mljnw. (1921), pp. 133-lbl. 
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other conditions exist. At least on the 
acid rocks such as granites and many 
schists accumulations of organic matter 
and peat deposits occur, especially on 
flat places, and gentle slopes. These 
deposits are different than In Central 
Europe, since both the frost of winter and 
the warm summers are lacking here. As to 
how a "low” peat Is built up In a depres- 
sion at say 3,^00 m. and how high peat 
then develops on It Is not known. We can 
only predict that a leached-out mass of 
quite acid reaction will be found and 
under that there will be pale gray and 
white layers of quartz and kaolin. 

In considering the plains (l), {'}) , 
and (p) In general It can be said that the 
allochthonous materials from which they 
have been built up must be considered as 
having been mostly, if not entirely 
weathered. 


« # « * 


(l) The northern coastal plain re- 
ceived Its main material from the Neogene 
back country. It Is possible that locally 
on the senile clay and the quartz sand 
some young juvenile tuff material was 
mixed In. Therefore, the resulting collu- 
vium or alluvium underwent more or less of 
a rejuvenation. Apart from that It may 
however be accepted that the plain con- 
sists mostly of heavy loam and clay, hemmed 
In along the sea by a sandy strand ridge, 
and cut through here and there by sandy 
ridges, which are elevated river banks 
(natural levees) . For this reason the 
strip behind the beach ridge Is marshy. 

It should be considered as a series of 
lagoons In which, where the conditions 
are favorable, a little peat forms. If, 
as a result of the rising of the northern 
coast, this land should become dry, It 
will then pass from the aq stage Into the 
aift stage and perhaps even Into the ae. If, 
by that time, the ground mass has not been 


completely bleached. It will change from a 
bluish gray color toward pale yellow and 
finally to pale red. 

The deeper lagune clay which has 
been In contact with sea water, has, with- 
out doubt, become saturated with various 
bases. Higher layers deposited from fresh 
water must be partially unsaturated and 
hence have an acid reaction. This Is es- 
pecially true where the formation of peat 
Is observed. But where the overflowing 
rivers deposit calcareous silt, the pH must 
be higher and peat formation Is not to be 
expected. 




{^) The large lake Plain (Meer- 
vlakte) located between the two mountain 
range complexes, lies approximately at 
60 m. above sea level. It Is accepted 
geologically that this plain Is not rising 
along with the mountain land and the north- 
ern coast; on the other hand. It Is sink- 
ing. Meanwhile rivers are flowing Int.o 
this plain, and the level Is raised with 
silt, and along the river edges, with 
gravel and sand. Of these rivers the Idnn- 
burg and the Rouffaer are by far the most. 
Important. The outlet of the plain Is the 
Mamberamo river. Whether the plain will 
be drained quite dry In the near future or 
whether It will be submerged under water 
depends upon the degree of sinking of the 
plain. It also depends upon the rate of 
silt deposition and upon the extent that 
the Mamberamo lowers It stream-bed, and 
hence lowers the water level. This plain 
now lies half above, and half below water. 
There are dry parts, but also swamps, ani 
lakes. The greater part of Its soil will 
be under amphibian conditions, while an- 
other part remains subject to subaqueoa^i 
conditions and according to formula would 
be; 8 1 -He . on . (am or aq).(l.3). Intention- 
ally the parent material Is designated an 
a|. Without closer local studies It can- 
not be stated which rocks or minerals are 
the principal ones among them. Moreover 
there may he large differences between 
rocks. Yet, even though we take the 


llh. Zvlerzyckl, Jb, Ml,]nw. (1927), Verb. I, p. 249- 
Up. Zwlerzyckl, 1 . c. , pp. nnd 287 . 
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fragmental character of our knowledge of 
the surrounding mountains Into considera- 
tion, it seems improbable that much weath- 
erable material is brought down by the 
rivers. Most of the silt will probably be 
senile. Hence (1-3), indicating the stage 
In the above formula, refers not so much 
to the weatherable or unweatherable miner- 
als, but to the deposits, which as such are 
still extremely young. But if, before 
long, this plain should be artificially 
drained, cleared, and brought into cultiva- 
tion, it may be expected that in an aston- 
ishingly short time the soil would become 
senile, since it is doubtful if it possess 
any mineral reserve which might be the 
occasion for rejuvenation. 

4 * * * * 


[^j ) The plain to the south of the 
Snow Mountain Range shows, as already 
stated (on page 277), the greatest climatic 
differences of the whole Netherlands New 
Guinea. The temperature differences are of 
less importance than the differences in 
moisture (rainfall, relative humidity of 
the air, subaerial or subaqueous position). 
To clarify our discussion let us divide the 
plain into three strips roughly parallel to 
the mountain range: 

(a). The low hilly land at the 
foot of the mountains, well drained, but 
with much rain, and without a pronounced 
drought during the east monsoon. The ori- 
ginal alluvium and colluvium are weathered 
to a light or dark brownish red lixivium, 
which is covered with tropical high forest. 
Considering the rocks that exist in the 
Snow Mountain Range and its southern fore- 
land, the soil in this strip cannot be rich 
and the forest must be relatively thin, al- 
though with an abundance of tall trunks of 
hardwood trees (see Fig. ll‘j, page 286). 
Europeans have penetrated this zone only 
^long the rivers which cut across it. And 
3 inee naturally the freshest and most 


fertile alluvium is to be found along these 
rivers, the traveller must obviously have 
obtained a too favorable Impression of the 
soil as a whole. If this deduction appears 
to some to be inadequately substantiated, 
we might compare the conditions with those 
in Palembang, Sumatra, although this in no 
sense holds good everywhere. Whoever trav- 
els in Sumatra up the Ogan and the Lematang 
rivers to the mountains is struck by the 
fertility of the swamp lands along those 
rivers. But he sees nothing of the equally 
striking poverty of the well drained up- 
lands ( talang ) lying in between those 
rivers. It seems to me that the "Board 
for Studying New Guinea," quite correctly 
gave only a few lines, to this whole 
strip of New Guinea. 

On a small point of this strip, 
extending out toward the south, lies Tanah 
Merah, the settlement on the Upper Dlgoel. 
Here the soil is red, and hence well 
drained. If the soil in the immediate en- 
virons of the settlement is still reason- 
ably fertile, then it follows, from what 
has been said just above, that the farther 
one goes from the river out onto somewhat 
higher land, the poorer the soil must be- 
come. A traverse from. Tanah Merah out to- 
ward the northeast as far as the Oewim 
Merah river would probably show this. 

(b)’ Southerly from the dry strip 
described under (a), lies the swamp zone . 

In the west it extends to the sea. East- 
wards from the Dlgoel river to the boundary 
and farther from the sea, it is separated 
by a still more southerly lying strip (c), 
which for the greater part is never flooded. 

How the swamp forest is to be con- 
sidered genetically has not yet been es- 
tablished. It is true, as Zwierzycki 
says,^^^ "South New Guinea is a part of 
Australia, which has been cut off from it 
by the submergence of Sahoel Bank and the 
Torres Strait." But this Indicates only 
one shifting of level. It seems probable 
that the low ridge referred to (strip c), 
with reference to the swamp forest (b) has 
been raised up, and perhaps even now is 


ComparofO. G. Holdring, De Zuldkuet van N. Guinea, Jt. Mljnw. (1909), Wet. Ged., p. 83-203,— and 
further: the map of Zwierzycki, Jb. Mljnw. (192?), Verb. I, Plaat xv, Blad XXI der Geol. Overz. 
Kaart v. N. 0. I. 

L. 0 ,, p. 11. 

118. Zwierzycki, Jh. Mljnw. (1927), Verb. I, p. 287. 



286 


THE SOILS OP EQUATORIAL REGIONS 



Photo by Gooszen 

Fl^^ Southern New Guinea. Papua village on the Bloemon River. 

River bank shows a profile of pale, slippery loam In the alluvium. 
Tae uppermost meter of humous surface soil remains standing verti- 
cally. High forest with maiv, thin vertical trunks, indicating a 
poor soil. 


being raised up, as the beginning of a 
fold. As to this, however, there are 
various possibilities to differentiate: 

1^--If the whole of South New 
Guinea, through tectonic movement, had been 
gradually uplifted then (b) would have 
risen less than (c). However both would 
have been raised up out of the sea, and 
one should find marine sediments In the 
subsoil. There has not been enough exca- 
vation or boring to determine whether or 
not this Is true. But Indeed Heldrlng^^^ 
found gray sandstone or loose sand, without 
lime, under the so-called red-white clay or 
loam. This would rather Indicate deposits 
above the level of the sea, hence land 
sediments . 

2M--If Che whole of Southern New 
Guinea Is sinking gradually, then (c) would 
have to sink less than (b) . Then this com- 
plex of movements would simply Intensify 
the submergence of the SahoeL plain through 
the general raising of the sea level. It 


Is possible that at some time the whole 
marsh strip (b) may vanish under the sea, 
but the strip (c) as a large flat Island 
would remain sticking out above water, 
and would later become submerged. In such 
a case sea sediments can be expected only 
on top of the submerged terrigenous sedi- 
ments . 

:5rd--If It Is still possible that 
the marsh strip (b) Is sinking while the 
ridge (c) Is rising with the southern 
coast, then the future picture will be that 
the marsh strip will become submerged under 
the sea, while to the south of this marlnc 
stralt an Island will be rising. Then 
under the given climatic conditions on 
such an Island there will be a contest be- 
tween elevation of the surface against 
lowering through erosion. Such erO“ 3 lon cm 
become very Important, since (l) original 
alluvium, only slightly hardened, makes up 
the whole formation; (2) no rivers from 
elsewhere could deposit new material over 


119* Heldrlng, 1. c., pp. 89, 99 and 100. 
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It, and ii) the alteration of a marked 
rainy monsoon would facilitate wind ero- 
sion in the dry season and water erosion 
in the rainy time. It would then he a 
question of which would win, the erosion 
or the elevation of the land, and whether 
the strip (c) will remain above the sea. 

For the time being, however, we 
have to take into account the conditions 
of today. Very little is known concerning 
the soil of the marsh strip. Very prob- 
ably there has never been a pit excavated 
in it in order to observe the nature of 
the subsoil. The supposition can be made 
that if the strip really should become 
marshy by the sinking of the land (and 
this appears to be the most likely), the 
original amphibian alluvial deposits woula 
become more and more subaqueous. And in 
30 far as the iron would not be leached 
out and carried away in the increasingly 
more acid seeping water, the equally dis- 
persed iron would gradually collect in 
flecks and later in concretions. Conse- 
quently peat could begin to form on the 
surface as was described on page 157 ff*. 
Such peat would intensify the process of 
acidifying the water and leaching of the 
bases . 

And if such iron-containing peat 
water comes into contact with sea water, 
various results may occur. If a river of 
such water flows into the sea, the pH is 
suddenly raised from perhaps less than 4, 
to above 7 and the iron must yrec.lritate 
out of the water. It seems not at all 
Improbable that a high content of glau- 
conite in marirye sediments in front of the 
mouths of such rivers is connected with 
this phenomenon. But if the contact with 
marine salts takes place less suddenly, 
for exfiimple if peat water with an iron 
content runs over and through marine silt 
and marine clay, the iron will also pre- 
cipitate. In this case, however, It will 
be in the form of definite segregations of 
iron hydroxide on and in the soil, or as 


deposits of "ore," which cement the otdier 
soil particles together. Moreover it may 
be as concretions, which possess few in- 
clusions and which have pushed back the 
surrounding soil particles. In the two 
publications of Heldring referred to' a 
number of facts are described which fall 
entirely within the range of this general 
conception, and which are correctly ascribed 
to marine Influence. 

Before we leave the marsh strip (b), 
just a glance Into the future. If the 
sinking of the land occurs so slowly that 
the accumulation of peat can keep up^ with 
it, then there is every opportunity for 
the development of very deep profiles, with 
many layers of peat, alternating again and 
again with incidental sand, loam, or clay 
layers. In the course of a long time the 
peat changes into lignite, and in a fol- 
lowing geological age there will be found 
a formation, in many respects like the pic- 
ture which is today brought to light by 
some borings along the eastern coast of 
Central Sumatra and Borneo. If, on the 
other hand, the sinking of the land takes 
place rapidly, then the sea will push in- 
wards, probably from the west, cover over 
the marsh, and the peat formation will be 
submerged. In soundings in the marine 
strait, which will then be formed, sub- 
merged peat will then be found, as was the 
case a few years ago in the Karlmata 
Strait. 

(c) Southerly from the swamp forest 
(b) lies the low ridge which is nowhere 
much more than about 20 m. above the level 
of the sea. Yet this is high enough to 
permit large pieces of flat or weakly con- 
vex land to remain above flood level. 

Other parts however lie very low and show 
a very poor marsh vegetation (see Pigs. 116 
and 11',', page 288). The parent materials 
of the soils which are now weathering, 
were originally alluvial and thus have 
been mostly loams anl clays. In the course 


120. In 1919 when I was studying the sea hot tom samples from the soiuidlnge of Van Weol a few black 

specimens were found: these, upon closer investigation, appeared to consist ol peat. Besides these 
there were white, kaolin-rich samples, as well as some red and white flecked ones, similar In ap- 
pearance and nature to samples of soil lYom the environs of Soekadana, southwestern Borneo. The 
samples are in the Pedological Institute at Buitenzorg. Because of my depai'ture in 1920 the results 
of the research mentioned have never been published. Compare on this subject; Handel, le Nat. W. 
Congres te Batavia (1919), pp. 219-225 and G. A. F. Molengraaff, Do Geologio der Zeeen v. Ned. 

Indie In: de Zeeen van Nod. Indio, (Leiden, 1921), p. 538-559 (with map). 
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Photo by GooBzen 

Fig. Il6. Southern New Guinea. Marsh at Inggoer. The Koenibe river 
In the distance. 



Photo by Gooezen 

Fig. 117* Southern New Guinea. Tree savanna along the upper Koombe 
river during high water, on blackearth? 
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Photo by Lorent?. Expedition 


Fig. 118 . Southern New Guinea. Savaruia behlrui Merauice, with Pandan- 
uB . Blackoarth? 


of time these materials have been amthibi- 
ally and sub-aerially altered Into the so- 
called "redwhlte clay" of Heldrln/% ^ ^ 

Sandy ridges of a palish yellow color or 
reddish-tinted by the grains of precipita- 
ted iron hydroxide, have been deposited 
over them. But at present tliese soils are 
no longer exposed to flooding, and the cli- 
mate has a pronounced dry monsoon. Trie re - 
fore the land has developed a savanna vege- 
tation, and where the soil was sufficiently 
heavy, favorable conditions for the f ora- 
tion of blackearth have been present. Of 
course blackearth has not developed on tlie 
sandy, pervious portions; these remained a 
pale reddish color (see Figs- 110, 117, and 
118 ). 

There is no mention in the litera- 
ture of the occurrence of "blackearth in 
the savanna strip. The only place, vaere 
Heldring mentions black soil is as fol- 
lows "The black color which the ma- 

rine clay, as well as low peat frequently 
ahows even in the dry state, cannot 


originate alone from plant residues, yet 
it might sometimes be ascribed to fine car- 
bon parLlcles which originate from fires 
on the prairies, started by the natives 
for the purpose of hunting kangaroos, and 
carried by the wind into moister localities. 
The validity of this citation could be ques- 
tioned. In the first place it is doubtful 
whether what Heldring years ago called 
black marine clay was really marine clay 
at all. At present it seems more likely 
that he had in mind the blackearth as de- 
scrlbeu on pages lo4-170, and which be- 
cause of its toughness and stickiness led 
him to call it a marine clay. At that time 
it was not generally appreciated that the 
blackearth Is a soil developed sub-aerially, 
and It should not be taken amiss that Hel- 
dring makes no mention of it. It is diffi- 
cult, however, to grasp his correct meaning 
when he^"^ states, "Nothing is known about 
tne marine clay deposits in ^he interior of 
the land as samples of the soil were not 
brought along," and Immediately follows 


Heldring, 1. c., pp. 89-90, end 99-nC. fie;:ardlnt! the Inserted explanations there are Indeed var 

louB things which might be remarked. 

122. L. c., p. IJO. 
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this statement: "Between the Marau and 
the Koembe an extensive marine clay layer 
of 3 dm. thickness occurs, beginning di- 
rectly behind the coastal ridge and extend- 
ing in about 20 km. from the coast. Far- 
ther Into the Interior smaller deposits 
occur along the two rivers." Without 
samples for confirmation we cannot tell 
whether he refers to river alluvium, ma- 
rine alluvium, or autochthonous black- 
earth. Likewise we are In the dark when 
he mentions the sand deposits of Kwarau 
and Parian, saying that they should be 
"black because of their content of clay 
particles . " 

In order to try to clear up the 
uncertainty referred to, I wrote to Father 
H. Geurtjens. He was so kind as to send 
the following answers to my questions: 

"in the back country and sometimes also 
Immediately on the coast there are great 
expanses of Infertile loam, which In the 
dry season crack open. In the local dia- 
lect this soil Is called " mamoel " which 
means "broken up." The natural vegetation 
Is poor grass, with here and there a miser- 
able stunted tree and clumps of pandanus." 
(see Figs. Il6 and 117.) 

"The surface soil of these stepj.es 
Is lead-gray in the dry season and black 
In the rainy season. Only the lower layers, 
which are visible In eroded creek and river 
banks, show very bright colors of yellow, 
red, brown, and white. The natives like to 
paint themselves with these materials.” 

"The caved-off banks along the 
sea beach have exposed light brown to yel- 
low colors below a thin black surface 
layer. This land Is always characterized 
by the presence of numerous termite hills 
which frequently reach a height of 9 m. 
These are of different colors: some lead 
gray, others light brown to somewhat red- 
dish brown. Among the wide range In kinds 
of loam and clay, edible clay speckled 
with bluish gray Is found." 

From these statements we come to 
the conclusion that this Is a thick de- 
posit of mixed alluvium, here somewhat 
sandier, there somewhat richer In clay, 
but principally loam. It first weathered 
autochthonously, for the greater part am- 
phibiously but In part also subaqueously 


(this Is the white pipe clayl). During 
this process, ore (iron oxide) concentrated 
In and below the amphibian layer, perhar)^] 
under the Influence of sea water (this dar-k 
reddish brown clay, probably deposited upon 
more bluish gray reduced layers). Then 
later blackearth originated on the heavier 
soils under savanna vegetation. However 
this still requires confirmation by com- 
petent observers In the field. 


B. The "Bird's Head" (VoKelkop) . 

As to the climate, we have state! 
already that the conditions here are 
simpler than In the more easterly j art of 
Netherlands New Guinea; a regular dry 
season Is entirely lacking. The rainfall 
stations, It is true, are not numerous fur 
such a large region but they are well dis- 
tributed. The rainfall figures all fail 
under the blue color occurring on the ma, 
(Fig. 6). Hence In the soli the water 
movement Is always* NH or nn. 

It Is true that differences In 
elevation occur, but In only a few polnf.; 
do the mountains exceed 2,000 m. There- 
fore He and Wa conditions predominate ar! 
Ma and Ko are seldom reached. 

As already stated on page 27b a 
large proportion of the surface area it; 
occupied by parent rocks consisting mo;h ly 
of Neogene lime and marl formations. 
rest of the mountain land Is of a charac- 
ter similar to that of the 3now Mountain 
Range. That Is a few old Igneous rockc, 
some schists, much older limestone and 
other sedimentary rocks. 

In the back part of the head of 
"Bird’s Head" lies the Arfak mountain 
range, with basalt and some andesite. 

Along almost the entire northern coast, 
there Is likewise andesitic mountainous 
land. 

Zwlerzyckl describes^" ^ what Is 
known about this, but he does not rnentlof^ 
the age. He gives one the Impression tii h 
In Tertiary time volcanic activity had 


124. L. c ., p. 136 . 

123 . Zwlerzyckl, Jb. Mljnw. (l93)), Iferh. Ill, p. 39-38. 
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Photo bv New Guinea Expedition 1915 

FI;-':. 119* N*i"w Guinea. Moaif river, iVora Taweton ca:np. — Water rich 
in Gilt; heo’r/ loamy banFr, . Liran’lant hiyh forect. 


started. Even today the rep'Orts Indicate 
that Oemslnl Is an active volcano. Tills 
mountain however has not been exyloped any 
more than has the more wes terly-lyinG Tam- 
rau mountain ran^te, which also is reported 
to include an active volcano. 

Meanwhile these wo rd s : v o 1 c ano o 3 , 
andesite, basalt, etc., Indicate especi- 
ally fertile soli types, as they are 
found on Java, Sumatra, Ball, etc. However 
ve know that while the parent rock Is one 
of the factors which determines the qual- 
ity of the soil, there are sevei’al others 
vhlch are equally Important. 

Nothing has appeared regarding 
recently occurring intensive volcanic ac- 
tivity. Extensive fields of young, un- 
weathered ash or stones have never been 
found. If they exist, they are yet to be 
discovered . 

In the report of the "Board for 
Studying New Guinea" there are various 
statements about the back country of Amber- 
baken. On the basis of these I would be 
trcllned to ascribe to the soil the 


formula: V . b--He . NN . ae (3-^). There are 

just as few Indications of stage 2 as of 
stage 5. Breccias and tuffs appear to be 
In the minority. Some of the basaltic 
lavas of the Arfak mountain range are por- 
ous and consequently when exposed by ero- 
sion, they weather relatively rapidly. 

In 3 hort--in these volcanic lo- 
calities soil types may exist which might 
be similar to older volcanic soils of Su- 
matra and Java. 

Alluvial kinds of soil are found 
in great expanses along the whole southern 
side of the northern part of the Bird's 
Head. They also occur on the Bomberai 
peninsula on the northern and southeastern 
sides. Since all these alluvia are low 
and marshy and are surrounded on all sides 
by Neogene rocks, we can easily picture to 
ourselves how the soils will be--aquatlc, 
(at most weathered amphibiously) bleached, 
heavy, rich In clay, and something like 
the pale-gray clay of Figure 119 (above). 
In a fomula the possibilities can be 
summarized thus: 


L. 


pp. 22-27. 
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{(K or M)--Me . (MM.ae or nn.a*). 
(2-4)} al .--He.nn.(aq or am). (1-3). 

Without local research this formula 
cannot be stated more definitely. We are 
justified in believing that peat must occur 
on those marshy flats. 


Evaluation and Utilization 

of the Soils ' 

If we based our evaluation of the 
different soil types of New Guinea upon the 
use of the soil, this part of our Archipel- 
ago would rate rather low, for very little 
of this extensive land is being used. In 
"The Government of the Molukkas," that 
meritorious monograph by A, J. Beversluis 
and A. H. C. Gieben, it is recorded on 
page 79 that at the beginning of 1928 in 
the whole government of the Mollukkas on 
an area of almost 300,000 sq. km., only 
3,000 sq. km. or 1^ was used by the in- 
habitants for agriculture. Only a little 
more than l/2^ of the last was used for 
forest exploitation. The European agri- 
cultural undertakings occupied but hardly 
more than l/lO^ and the forest concessions 
(which are not quite the same as forest ex- 
ploitation) but 0 . 63 ^. The balance, (al- 
most 98 !^ of the whole area) is "waste land 
and forest." If in addition to this we 
take into consideration that the lands 
which have been put under cultivation are 
mostly located in Bangka, Ambclna, Ceram, 
and Ternate, then the figures for New 
Guinea become still more unfavorable. 
Therefore we can safely say that New Guinea 
is not an agricultural region . Whether it 
will become something is an open question 
in which the wish is too often the father 
of the thought. 

In the preceding sections it has 
been explained that, considering the par- 
ent materials, the most fertile soil of 
the mountainous land of Netherlands New 
Guinea may be expected in the Arfak Moun- 
tain Range and on the andesite along the 
northern coast of the "Bird's Head." 
Moreover, the continuous humid climate of 
these regions does not promote permanent 
conservation of the fertility . The chances 
are very good for finding soils which are 
physically good, but which are thoroughly 
leached (hence quite senile). In centers 
of cultivation such soils are more 


productive, and yield greater profits than 
in the virgin terrain of New Guinea. This 
is because it is practicable to incur con- 
siderable costs for fertilization, etc. in 
the more populated regions, where high 
value products are grown. Thus many hec- 
tars of land on the mountain ranges, when 
the forest is chopped down and burning is 
omitted, or is carried out very expertly, 
will, at first, give relatively astonish- 
ing harvests of various cultivated crops. 
But such fertility will last only until 
the plant nutrient reserves in the forest 
litter are consumed. When the crops begin 
to draw upon the reserves in the soil, 
there is a very great need for replenish- 
ing what the everlasting rains have washed 
out. And then the problem arises as to 
whether or not the value of the crop will 
cover the cost. An advantage of the brown 
and brownish red lixivium soils is that 
many kinds of crops will grow well upon 
them. One disadvantage is that according 
to analogy with other, older volcanic 
tracts with a similar very humid climate, 
a very rough terrain with only small bodies 
of flat land, is usually present. Such 
conditions require such measures as ter- 
racing and ground cover, which need much 
labor (see Fig. 120, page 293). Neverthe- 
less the above-mentioned regions belong to 
the most promising portions of Netherlands 
New Guinea, although the fact that they are 
still so thinly inhabited should cause one 
not to raise his expectations too high. 

Where autochthonous soil lies on 
marine limestone and marls the conditions 
for cultivation are as a rule less favor- 
able. This is the case over a very high 
percentage of the surface of Netherlands 
New Guinea. If the limestones contain 
quartz sand, the soil is quite pervious. 
The portion of the soil which is not sand 
becomes brownish red (terra rossa) . Ghein- 
Ically, the sand acts merely as a neutral 
diluent 30 the soil becomes relatively 
poorer because of its presence. The re- 
sulting lessened water capacity of these 
soils is a difficulty and a slight drought 
(for example, a rainless month) is a real 
danger. If on the contrary, as in the 
marls, the accessory material of the llnie 
is mainly clay, then the soils are of 
greater water capacity. They are also clr’o 
ically richer. But for many crops they are 
too dense and do not contain enough air. 
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Photo by A. Pulle 

120. New Guinea. — Knlnyln of the Ffteechem at Nan.yoel. — With 
prlriHlvo efforte by means of a few trarioverse barricades to aomewhat 
retard the heavy erosion. 


Moreover such soils arc dlfflcuit to work 
and troublesome because they bul^to out on 
slopes. To obviate these difficulties is 
more difficult than would be expected. On 
the contrary, it Is quite simple to improve 
sandy terra rossa satisfactorily by means 
of farm yard manure and commercial ferti- 
lizers. This improvement, however, does 
not last a long time. It may, however, be 
more than a few decades before thlniys will 
^0 30 far along that the soil on the lime- 
stones and marls of New Guinea will be put 
into cultivation. When that lime arrives 
It will probably be best to start cultivat- 
ing where the rocks are tuffaceous, such 
^3 in from the northern coast, southeast 
nf Sarml or east of Sorong. 

Crystalline schists, as well as 
Snanltes and other old eruptive rocks 


elsewhere in tlic continuously humid regions 
of the Archipelago have not proved to be 
very valuable from the agricultural stand- 
point. Yet the soil from rhese rocks 
should not be estimated as absolutely 
valueless. Under favorable economic condi- 
tions certain crops may prove quite profit- 
able, as has been the experience In Malacca. 
However, no one knows anything as to what 
is to be expected of such soils at great 
elevations, as for example In the Snow 
Mountain Range at 3,000-4,000 m. Nowhere 
In tlie tropics Is there a suitable ease 
for comparison, neither In Africa, nor in 
Central or South Ai;iorlca. Where, in those 
parts of the world, mountainous land of 
this elevation Is found It may he of vol- 
canic nature, as with Klllmand jaro, the 
Kamarun volcanoes and the Andes. If It 
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consists of old rocks, as for example the 
back country of Brazil against the Andes, 
It Is unforested and uncultivated as In 
Nev Guinea. As to comparisons with cooler 
lands of higher latitude a warning In this 
connection was already Issued on page 2 '( 9 » 
It is not only quite conceivable but even 
probable that of all Central European 
fruit trees with the same average annual 
temperature requirements of about 8 to 
lO^^C not a single one would succeed at 
2,900 to 3,000 m. elevation. Tills is be- 
cause both the warm summer with days of 
more than 12 hours sunshine, and the win- 
ter with snow and frost and a long contin- 
ued rest period for the vegetation, are 
lacking. The tropical crops of the low 
warm belts are also out of place in the 
highland. Therefore only the experience 
of the future can teach which crops are 
suitable. 




The allochthonous soils of the 
alluvial ])laln3, under suitable management, 
may prove quite valuable. At present, 
however, the soils are rather unproductive. 
This Impression is also gathered from the 
Report of the Board for Studying* New 
Guinea. ^ 

Let us begin, for example, with 
the plain along the northern coast of East 
Netherlands New Guinea. This strip is con- 
sidered by geologists to have been up- 
lifted. An earlier coastal sandbank has 
now come above the sea and forms a long 
sandy ridge, upon which coconuts grow. 

What percent of that sand will eventually 
weather to good arable soil? Presumably 
not much, for the principal component is 
unweatherable quartz sand. The area will 
remain sandy, and the higher it lies above 
sea level, the greater the chance for lack 
of water In times of drought and Impover- 
ishment In times of much rain. Behind 
this sandy ridge Is "a 3-6 km. broad strip 
with unwadeable swamps and clear open la- 
goons." Although If the soil had remained 
dry a long time, here and there It would 
perhaps be usable. At present It Is 


Inaccessible. With the aid of natural or 
artificial colmatage, l.e. directing silt- 
rich flood water Into the marsh, .or by hy- 
draulic dredging, the region might perhaps 
be made habitable and suitable for culti- 
vation. The cost, however would be very 
great. For the time being It seems to be 
an economic Impossibility. 

A similar consideration might apply 
to all those enormous marshes of the Meer- 
vlakte, of those along the south coast, and 
of the coastal plains about McCluer bay. 
Plans or proposals for reclamation are 
theoretically conceivable, but fantastic, 
and economically Impossible to carry out. 

More can be expected from a couple 
of smaller tracts such as the Nlmboeran 
plain, which lie around the Sentanl lake. 
This lake lies to the south and southeast 
of Geelflnk bay (see Fig. 121, page 29: ) . 

Of the first mentioned plain "the Interior 
portion Is occupied by the natives" (Rc‘- 
port of the Board for Studying Now Guinea, 
p. V.)). And of the lands around the Sen- 
tanl lake "a part is inhatilted by the na- 
tive s ^ ^ and "apparently ka 1 hg I n ag r 1 - 
culture Is ])ractlced on a rather extensive 
scale by Papuan tribes." 

These remarks are Interesting 
since tliey siiow that In New Guinea as in 
every other land, if soil and climate pro- 
duce food and supply other essential huir.an 
wants, It 1 3 * Iniiablted. And the less inier- 
natlonal commerce there Is, the lilghor tiie 
correlation between the density of the P’O; - 
ulatlon and tlie productivity of the soli. 
Probably New Guinea should not be consid- 
ered as a forgotten little corner of the 
world. On the other hand It is more likely 
that in the course of a few thousand years 
tests of settlement and agriculture have 
repieatedly been made, but unsatisfactory 
results have compelled giving up these 
tests. It would be quite otherwise how(;vor 
If a region is Included In world commorci^ 
because it can produce high value world 
products such as Dell tobacco, Java coflei;' 
and quinine In place of low value food snh' 
stances for an authochthonous population. 

If some day such crops might be dl 3 Cov(-;i’cd 
for New Guinea, then the whole situation 
would change. Then the land would blo:n>of‘'' 
yet It would be no more Independent than 


127- L. c ., pp. 12-21. 
128. L. pp. 16-1?. 




Photo by f)oo5ze;i 

Fly. 121. Ncv Guinea . —Irsa>n houses and plantlnys at Kapoeraro, 
between Etna ba,' ai'id Cieelvinch bay. — Hlyh forest with quite a 
yood deal of uri'ier TOwtli . Soil wr;er. noon extensively jn no sense 
li’fertl le . 


Uie worm in a nut wbiicli must luerlsh i tiie Tar.rau mount.alns will become the best 

without the living oak. ! agricultural area in Netherlands New 

The small pdains around Geelvinck | Guinea, 
bay are not well enough known to assign | So the number of plains of promise 

agricultural values to them. It is w'ort.h | is very meagre indeed. The most southerly, 
noting that the Study Board recorded | very flat ridge of East Netiiorlands New 
that for the first discussed piece of j Guinea, from the Digoel (lower course) 

coastal plain "the spate high water mark | toward M(?rauke and still somewhat further 

3tood 6 m. above the usual level." If In i is P'^omis ing because of lower rainfall, 

auch a completely forested region such j It is the so-called savanna reggion. It 

enormous differences in water level can i is true tnat according to all tr^e inlorma- 
occur, then Indeed at times enormous puan- 1 1 on in tiie literature the soil Is poor, 
titles of rain must fall in the back coun- But with fertilization and green manuring. 
ti'.V . This would Indicate the presence of it may be p'ossible to p;artlally meet this 
low fertility and would not favor o. gener- neeG. It is worthy oi note that the re- 
‘‘^1 agricultural developmient of the rep^ion. giens oi’ New Guinea which are the thickest 
In the northern part of the "Bird’s populated are In this southern strip. The 
Head" there are only small Trains . It is greatest efforts for the improvement of 
possible that the long but narrow plain the agriculture ol the native population 

lying behind Sorong in the direction oV should probably be e^^pended here. 
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SOME ISLANDS OF THE MOLUKKAS 


THE AMBOINA, CERAM, AND BOEROE GROUPS: 

ALSO THE BANDA GROUP 

Reports are seldom found In the 
literature relating to the soils of these 
Islands, In spite of the fact that they 
are a part of the oldest settlements of 
Hollanders In the Netherlands East Indies. 
However, the geology and the climate are 
rather well known, so that we may deduce 
something as to the soils. 


basis for a provisional sketch of the soil- 
forming rocks (see Figure 122 below). 

Petrographlcally Leltlmor and Hltoe 
are quite different but rather In a quanti- 
tative than In a qualitative manner. 
Leltlmor contains considerable granite (ll), 
especially In the southeastern half of ll;:i 
length. Next to that on the east-northea.sr , 
occurs a large area (l) of very basic rocks: 
peridot 1 be, gabbro and serpentine. Then 
farther northeast lies a body (ill) of 


Fig. 122. Sketch Map of Ambolna lelaiid, showing the distribution .oi 
Important soll-foririlng rocks. — After V'.rbeek. 



Soll-Formlni 


A. Ambolna 


This Island really consists of two 
Islands: southerly Leltlmor and northerly 
Hltoe, connected hy a low, small land 
bridge. The geological map by Verbeek^ on 
the scale of 1:100,000 although made as 
long ago as I 898 , has not needed much im- 
provement. This map furnishes an adequate 


sandstone and schists, and still beyond 
that a somewhat smaller area (iv) of acid 
eruptive rocks which on the whole may be 
called llparlte. Just west from the gran 
Ite tract there Is some (ib) peridotlte, 
In part covered over by loose material, 
(more about this later). West Trom that, 
(west of Amahoesoe) a region of tuffs 
and breccias of quartz mica andesite (iv) 
occurs . 

The northwestern lengthwise halt 


1. R. D. M. Verbeek, Geol. beaciir. v. Ambon, Jb. Mljnw. N.O.I. ( 1905 ), Wot. Ged., 50*3 pp. 
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of the island contains the same rocks 
which have been mentioned. They are at 
least partly quite deep down and covered 
over by a younger formation (v), consist- 
ing of layers of conglomerate and loose 
fragments of older rocks lying almost hori- 
zontally, alternating with layers of coral 
limestone. In general the coral comprises 
less than half of the total. The loose 
fragments consist of sand with large and 
small gravel and cobble of quartz, sand- 
stone and eruptive rocks (see Fig. 12:^, 
page 298 ) . 

According to the map by Verbeek, 
the larger half of the island, Hitoe, Is 
simpler in its distribution of soil-form- 
ing rocks. From this point of view, perl- 
dotlte, diabase (d) and granite can be 
neglected. At about 900 to 1,000 meters 
elevation in the vest and in the east the 
higher portions of mountainous land (iv) 
consist of llparite and dacite on the one 
hand, and bronzite andesite and quartz 
bronzite andesite on the other. Over the 
lover slopes of these mountainous regions 
and over the whole central portion between 
them this same formation (v) of con^Uomer- 
ate and loose fragmental material of ande- 
sites and melaphyres (m) extends, some- 
times mixed wltti broken blocks of granite, 
diabase, and peridot Ite. Also limestone, 
including a little soft marl (VIl), and 
coral limestone occurs. All of these ex- 
cept the lime contain detritus from the 
eruptive rocks. 

B. Ceram 

If the geological sketch map of L. 
Button^ is studied with the accompanying 
descript ion, it will be found that the 
soil-forming rocks and their distribution 
are much like those of Amboina, although 
important differences are to be noted. 

As regards the area exposed at tlie 
surface, Igneous rocks are unimportant. 
Basalt and andesite are scarce, there is 
only a very small amount of granite. On 
the contrary, crystalline schists, both 


d* L. Rut ten, Voordr. geol. N.O.I. (1927). '• 
3- Rutten, 1. c ., pp. 721 - 7 ^ 0 , 

C; » P* 742 . 

B. D. M. Verbeek, Jb. Mljuw. (1900), p. 17- 


phyllites and mica schists, are very wide- 
ly distributed and are certainly to be 
considered as the most Important soil- 
forming rocks, along with the greywacke- 
slate formation and the Trias formation in 
Flysh facies (that is to say. It forms 
a complex m*ade up entirely of tuberous 
clayshales, sandstones with m.ica, calcare- 
ous sandstones, marls and thin-bedded 
limestones ) . 

Sedimentary and metamorphic rocks 
thus predominate, while Igneous rocks are 
scarce and volcanic rocks do not occur. As 
on Amboina, there are no active volcanoes. 
Fig. 124 (page 298) shows distinctly the 
form of folded mountains and ridges without 
separate cones. 

In and upon the Neogene and Recent 
formations coral limestone Is found. 

C. Boeroo 

Also Boeroe, which has not been 
adequately surveyed by geologists, appears 
to consist for the greater part of crystal- 
line schists. Besides these the above- 
mentioned Trlas-Flysch formation occupies 
an Important area."' In so far as is known, 
no soils are derived from igneous rocks; 
nor do volcanoes come Into the picture. 

D. Banda Group 

In contrast with Arabcin^, Ceram, and 
Boeroe, the islands of the Banda group are 
fundamentally composed of very young vol- 
canic material.^ Pyroxene andesite, in 
different, but very closely allied sorts. 

Is the predominant soil -forming rock. In 
the beginning this was largely In the form 
of pulverized ash, lapllll and bombs, all 
of which In numerous places hardened to 
tuffs ana conglomerates. Besides these, 
there is a little basalt on Nelra. 

However, In addition, coral lime- 
stone entirely covers the lover Islands, 
but It does not completely cover the 
larger vand higher Islands, as It never 
occurs higher than 70 m. above the sea. 
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Photo "by Aug. de WlL 

Fig. 123. Roadiotead of Anboliir.. On the hilly land lying behiiid the 
tovn the raiserablo, s^ndy soil with a poor water holding capacity 
carries a poor vegetation. 



Photo by A. L. de Bruljn 

Fig. I2h. West Ceram. Panorama with camp Honltetoo In the fore- 
ground. A succeselon of folded ridges without separate peaks; not 
volcanic at all. The entire land covered by tropical high forest. 
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Climate 

The climate of ail the Islands 
considered top;ether is truly equatorial. 
Thus, almost without exception all months 
of the year average "wet" with rnor^ than 
100 mjn. rainfall. Only a part of north- 
east Boeroe appears to have a distinct dry 
period. Perhaps this Is, however, to he 
ascribed as much to definite orographic 


Idea of the distribution of ralnf’all 
throughout the year. 

If we take Into consideration the 
fact that seldom does the elevation of 
these islands exceed 1,000 ra.--{only a 
couple of peaks of Boeroe and especially 
of Ceram extend up above the 2,000 m. level, 
to a maximum of approximately 2,p00 m.) 
obviously the temperature of the soil Is 
from warm to hot. 


Tublo 70 


DISiyiBliTION OF RAINFALL DtJRING THE YRAH OH SOE OF THE TSLAHDS OF THE MOUIKKAS 



conditions as, for example, Is the case 
or Paloe on Celebes. However, northeast 
Ceram never gets as dry as that (Table 70). 

Whether the rainfall maximum occurs 
in the west monsoon (Dec. - March), as is 
the case on northwestern Ceram, or later 
(May - July), as on Ambolna and southwest- 
ern Boeroe, Is quite Immaterial for the 
processes of soil development. The princi- 
pal point Is that only In northeastern Boe- 
aoe l 3 there a regular annually-occurring 
keying out of the soli. This occurs on 
only the convex surfaces, for land in other 
topographic positions probably receives 
extra moisture from higher lands having a 
heavier rainfall. Table 70 gives a general 


Weathering Processes and the 
Resulting Soil Types 

A. Ambolna 

Since there is almost no part of Am- 
bolna which has an elevation as great as 
1,000 m. and since the rainfall Is such 
that ordinarily there Is not a single dry 
month during the entire year, the weather- 
ing cannot exhibit much variation and, 
with slight variations. It Is all of the 
continuous leachlng-out type."^ As a con- 
sequence we can expect to find yellow and 
brown to red tints almost everywhere on the 
hills and mountain slopes. 


6. Formula (N6 to Wa). (NH or nn) depending upon whether the location is at sea level, or distinctly 
higher, and whether the weathering product is quite pervious or only slightly so. 
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As early as I82I Relnwardt ob- 
served*^ that "red earth lay on the lime- 
stone of the coral reefs," where small 
holes held some earth. SaL Muller® re- 
corded that "on the hills and mountains of 
Ambolna, ordinary clay Is found most fre- 
quently. Many times this Is colored red 
by oxide, more or less mixed with sand." 

He made no distinction In relation to the 
parent rock. Nevertheless he did record 
that "fertile brown garden earth" lay In 
valleys and on low, flat land where there 
was more humus and more moisture In the 
soli. Ludeklng® described certain features 
of Ambolna minutely but merely mentions 
"important hills of red clay" behind Batoe 
merah, and "hills of quartz sand, or Indeed 
hills of white or bluish clay" In the en- 
virons of Oerlmeslng, thus on the north- 
west corner of the granitic tract (ll), 
lying next to the "gravel formation." 

Various writers have noted the "deep red- 
dish brown earth" on the perldotlte (l). 

But according to Gerdessen^® on 
Mt. Salahoetoe (iv), In northwest Hltoe 
there Is "heavy yellow clayey soil, en- 
tirely different from the red clay lands 
around Ambolna." 

VThlle all these bits of Informa- 
tion are fragmentary they agree with what 
we would expect to find: deep reddish 
brown lixivium on the Iron-rich perldotlte, 
pale red and sandy lixivium on the granite, 
calcareous red earth upon the elevated 
coral limestone reefs, and mainly red lixi- 
vium on the mixed gravelly lands. On the 
contrary on the acid erupt Ives of Mt. Sala- 
hoetoe, under forest and at greater eleva- 
tions, "heavy (poor In Iron) yellow clay" 
occurs. Yes, on the peak It Is apparently 
possible that on more nearly level terrain 
and above 1,000 m. elevation, a subhydrlc 
or at least amphibiously weathering soil 
may develop from the heavy clay, for Ger- 
dessen^^ wrote: "At each step filthy 
black water bubbled up out of the soil, 
and only now and then, If the foot tore 


up the carpet which the roots formed with 
the chilly moss, was there visible a layer 
of clayey yellow earth." It Is thus only 
In the uppermost layer of lixivium which 
contains^ organic matter that such a low pH 
can occur that dark water can run out of 
the soil. A little deeper down the Iron 
has not yet been leached out. However, 

If Mt. Salahoetoe were 2,000 m. high In 
place of only 1,000 m., we can imagine hov 
favorable the conditions for peat formation 
would be. In this connection Verbeek^^ 
records "on somewhat high mountains a 
thick covering of moss." 

Meanwhile It Is safe to accept that 
everywhere, both upon Leltlmor and on Hltoe 
where the autochthonous soil Is somewhat 
deeper-, the faintly humous surface soil 
and the lixivium lying under It will be 
quite senile. At least that they are pass- 
ing through the third, the virile stage. 

It Is thus Impossible for the soils to be 
very fertile. This Is in agreement with 
what Bleeker^® had written long ago: 

"As to the vegetation and the 
agriculture the conditions of the terrain 

are in no sense favorable In general, 

the hills are clothed with only scanty 
vegetation, among which are melastomas, 
acacias and bracken In several forms and 
of which In some places there are largo 
numbers. The higher trees are for the 
most part grouped together In the ravines, 
where the soli (accumulated by wa3h?--E. C. 
J. Mohr) offers a foothold and a greater 
content of moisture ... .and the trees can 
obtain a better supply of food." From 
what Is known about the habitat of such 
plants elsewhere, the condition of the 
plants Indicates clearly that this soil I3 
not worth much, and only where much mois- 
ture Is continuously available In the 
ground Is a tree vegetation possible, even 
though the trees be such as have but mod- 
est requirements (see Fig. 123# 29H). 

But, on the other hand, because of 
adequate proportions of Iron and sand H 


7. Relnwardt' B relfl l/d Ind. Arch. (Ultgeg. door W. H. de Vrleso) Amflt. I838, pp. U26-J427. 

8. Sal. Muller, Relzen en Onderz. l/d Ind. Arch., (Amflt., 1857), II; P* 27. 

9. E. W. A. Ludeklng, Scheta (274 pages'.) v/d Reeld. Ambolna, Bljdr. T. L. en V. van N. I, 

p. 9. 

10. L. E. Gerdeaaen, Tljdahr. v. Ned. -Indie (I87I), p. 38I. 

11. L. c ., p. 380. 

12. R. D. M. Verbeek, Jb. Mljnw. N. 0. I. (1905), p. 58. 

13. P- Bleeker, Reis door de Mlnahaaea en den MoJLukaohen Archlpal (Batavia, I836), II, 59. 



WEATHERING MD SQJLS ON AMBOINA AND CERAM 


301 


may be easily accepted that physically the 
soils of the hills and mountains of Ambolna 
are not so bad. They are only poor chem- 
ically, and with a low humus content they 
do not retain sufficient moisture. On 
Hltoe,--and the same Is apparently also 
true for Ambelau Island (SE of Boeroe), 
and Haroekoe, Saparoea and Noesa Laoet 
Islands (east of Ambolna), whose soil-form- 
ing rocks belong to the same group of more 
or less acid. Iron-poor eruptlves as those 
which are the most Important on Hltoe,--lt 
la however possible that If the tropical 
high forest should be cut down, and the 
surface soil washed off, an Impoverished, 
pale, plastic clay subsoil would remain 
behind. Physically, this would be far 
from excellent. Hence, here on Hltoe, It 
Is thus still more necessary than on Leltl- 
mor to guard against deforestation. 

B. Ceram 

Also on Ceram, on sloping or con- 
vex land, because of Its position and 
topography, the weathering is especially 
of the leachlng-out type [(He to Wa),(NN or 
nn).ae] with the assistance of air, while 
In the low and flat portions It Is of the 
leachlng-out type which Is periodically or 
continually without air [He.(HN to nn).(affi 
or aq)] . 

Under these conditions, on the 
hilly or convex parts the mica schists 
produce a soil which Is pale yellowish- 
brown In color. The surface soil contains 
a little organic matter and Is somewhat 
darker, bilt deeper down It Is a more plas- 
tic lixivium still containing flakes of 
mica. Still deeper, especially as one goes 
somewhat higher to more than l,b00 or 2,000 
meters, amphibian conditions gradually come 
In. The effects of such conditions are 
recognizable on a profile wall by a spot- 
tedness , --brown threads and bands against 
bluish gray, bleached patches. If at an 
elevation of more than 1,800 m. flats 
'^ccur, and more especially If there are sur- 
Tace depressions, the conditions may per- 
haps become more extreme, even to subaque- 
ous weathering, with the formation of peat 
on the surface. In either case the soil 
vould have a quite strong acid reaction. 


The phyllltes and glistening slates 
(schists ?) apparently produce a somewhat 
darker soil type, but even so It Is no 
crumbly, pervious earth, which If more or 
less senile In the third to fourth stage, 
would become brownish red to red at only a 
little distance below the surface. On the 
contrary, these rocks almost always produce 
a brownish yellow type of soil. However, 
weathered rock fragments are often present 
which give the soil a grayish brown color 
(second stage of weathering). 

On the basis of a few observations 
Rutten^"^ described Ceram and also recorded 
a number of Interesting statements relating 
to the agriculture, etc. He comments: 

"Some rocks, belonging mostly to the Meso- 
zoic, and the soils above them, have a 
tendency to flow downward when saturated 
with water during long-continued rains." 
This phenomenon has already been dis- 
cussed in a general way (pages 177-178). 

It Is obvious that serious erosion and even 
avalanches are the consequences. There- 
fore, only In particular cases can such a 
soil become deep when on slopes. But then 
such soli seldom becomes senile. On the 
contrary--lf the slopes are even but mod- 
erately steep, as Is more often the case 
In Western Ceram, the bare rock Is fre- 
quently exposed at the surface. 

On the greywackes, on the sand- 
stones, and on the sandy and non- sandy 
limestones there are many different kinds 
of soils. However, with the continuously 
wot soli climate, all are continuously 
leached. This Is true whether under sub- 
aerlal or amphibian and subaqueous condi- 
tions. No concentration of soluble con- 
stituents can occur. At the most. Iron 
concretions and illuvial layers of ore can 
occasionally form under amphibian condi- 
tions. In the quotation referred to, 

Rutten makes no mention of them but says: 
"If, In general, one may characterize the 
soils of Ceram as chemically poor, yet It 
would be premature to state that they were 
unsuitable for crop production, since the 
suitability of the soil for agriculture Is 
determined not only by chemical but also 
by other factors, among which Is the phys- 
ical constitution of the soil " 

Without doubt, soils are to be 


Rutten, OntwlkkellngBnuogollJkheden van hot eiland Ceram, T. K. Ned. Aardr. Gen., 21 (1920), pp 
^5-73, and especially pp. ‘)l-‘"’2. 
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Photo hy K. Martin 

Fig. 125 . North Boeroe. The limestone peak Kakoesan.— Very rough 
mountains of sedimentary and metamorphlc rocks. Forest with many 
tall straight boles and little undergrowth on poor, thin soil. A 
kalngln, which after 1 or 2 years will be abandoned. 


found on Ceram which are physically good, 
for example, on the sandy limestones, and 
mica schists. But apparently there are 
still many more of the heavy. Impervious 
soils without adequate aeration. These 
will be found especially In the low plains, 
which have been built up by allochthonous 
material from higher regions. Running 
through the plains here and there will most 
certainly be a few banks of coarser sand 
and sandy ridges and even gravel banks. 

Prom the nature of the rocks It Is to be 
expected that fine textured heavy alluvium 
will predominate over coarse colluvium. 

But along the sea shore the soil will be 
principally sandy, with even cobble stones 
here and there. 

C. Boeroe 

Much the same is to be said about 
Boeroe as of Ceram. The only exception is 
that it is possible that blackearth [a I -He, 
nvv.am.a] has developed on the point near 


Namlea. The dry season of 4 months and 
the parent material (such as weakly conve_-;.v 
sheets of alluvium) are favorable for the 
development of this black soil. Irrespec- 
tive of the origin, heavy, impervious clay 
must be present. The only op)portunity for 
such a soil to develop on Ceram is probably 
on the northeast coast of Hoalmoeal. 

Regarding the flora of these Island;^ 
Beversluls^^ records a few particulars whlcb 
are pertinent here. Speaking of "the alviv.^ 
green tropical high forest" of the Molukkas 
proper "wherein the highest story is formed 
by giant forest trees which are 40 to hO m. 
or sometimes still higher" (see Fig. 12h 
above), he considers that this forest mantle 
has as yet been but little damaged by man. 
First, because there are not many inliabl' 
tants, and second, because the regular rain- 
fall makes forest fires Impossible. Thus a 
mixed forest exists, but the very tall gi 
ants of the forest are quite probably dam- 
mar trees, which many other authors have 
recorded as being numerous on the above - 


15 . Cf: A. J. Koene, Alg. Lb. Weekbl. (1920), pp. 1159-1162. 

16 . A. J. Beverralula, In; Bevereluls en Gleben; het Gouvern. der MolukJeon (Batavia, 1929); P* 4?- 


FEATHERING AND SOILS ON BOEROE AND BANDA 


mentioned Islands. As a rule dammar trees 
are not a sign of great fertility of the 
soil nor does the scant population and its 
only slight inclination toward kalHp-.ln cul- 
tivation indicate marked soil fertility. 

As to the islands lying farther to 
the south with a stronger east monsoon, 
Bevorsluls styles the so-called monsoon 
forests "thin and with certain predominant 
sorts of trees," among others "the Eucalyp- 
tus forests of Southern New Guinea and a 
few other islands." This tiirns the 
thoughts Involuntarily to Boeroe, and also 
to Namlea, and the question comes to mind 
as to whether the cajiput ( Melaleuca leuco - 
dend ra) trees also occur on Boeroe in such 
associations . --It is notable that civil ad- 
ministrator Sclimld^"^ expresses himself thus 
on the subject: "There, where the cajiput 
tree grows, the land is distinguished by 
barrenness ,. since besides this plant only 
cogon ( Imperata spp.) remains alive, ail 
other vegetation having perished. "--Bever- 
sluis^^ describes the cajiput forests of 
Boeroe and West Cerarn as similar to_ thin 
pure birch forests (see Fig. l?b) . There 
can be but one conclusion; a pure stand of 
one kind of forest tree indicates a ]K)or 
soil . 

D. Banda Group 

On Lonthor and Neira islands which 
are largely made upi of loose volcanic 'prod- 
ucts, often black In color, the finer ash 
Is completely "weathered to brown clay." 
Hence this soil must be a juvenile brown 
lixivium from andesitic or basaltic effla- 
ta [V.b. l--He.NN.ae(2-3)], Mt . Api, on 
the contrary, is younger so that It is not 
yet so much weathered; the soil is at m.ost 
in the first to second stages. Therefore 
the soil on this mountain is not yet a 
distinct brown, but it is still gray and 
extremely pervious, holding little water. 

As a consequence, it Is only scantily cov- 
ered by vegetation^'^ (see Fig. If jL 
304). 
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Photo by W. Docters van Leeuwen 

Fig. 126. Ambolna. A small forest of Cajiput 
(Melaleuca leucodendra) on dry gravelly land. 


Evaluation and Utilization 
of the Soils 

Before going into detail, in order 
not to repeat, let us record a couple of 
general remarks applicable not only to 
Amboina, Ceram and Boeroe but also to many 
other Islands of the Molukkas. 

If in astonisliment one asks why 
30 little comes from "the great East," in 
spite of the fact that the Hollanders have 


!'• H. C. Schmid, Ka Joepootlh-ollo , Teyeraaniua, 2u (1914), p. 34. 
p. 48. 

19 . Verboek, 1. c ., pp. 4 and 6. 

Compare: Bleoker, 1 . c . , dl. II, p. 240. 
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Photo by H. J. Lam 


Fig. 127* Banda Islands. Mt. Apl, whose upper slopes are bare, has 
more vegetation lower down. — In the foreground: beach of Groot Waling 
on Lonthor. Black, basic volcanic sand with coral fragments. 


been settled here the longest (already 
more than three centuries), the answer may 
be given In these words of Broersma:^^ 

"The great fault has been the over-rating 
of the value of the soil In the Molukkas, 
an error which has continued down to the 
present time. "--And Beversluls^^ also 
shows the situation In Its true light when 
he says: "if one leaves out of account the 
planting of coconuts and the cultivation of 
a few fruit trees by the natives, and takes 
Into consideration the fact that nutmegs 
and cloves are planted and raised as purely 
forest crops, then one must recognize the 
sad fact that there Is almost no native 
agriculture. It Is true that the natives 
plant crops for their own food, yet hardly 
systematically. 

The reason for this Is the nature 
of the scant population, which "has almost 
no needs." And also "because this popula- 
tion can easily obtain Its food from the 
wild sago palm," and furthermore "the 
agriculture on the extremely poor soils In 
this province demands much difficult work." 
And even such effort gives only a moderate 
or poor yield, not at all proportional to 


the exertion necessary to produce It.. I' 

Is just another case where there is nev* r 
a long dry 3 ea 30 n--the so-called "con^lr.w- 
Ing fertility" Is lacking. This lack '-ar; 
really be remedied only by active, younp 
volcanoes. If the soils are fertile tncn 
the Inhabitants are industrious. If on 
the other hand the soils produce but Il’.tl.n 
then people would Indeed be foolish to 
make a living by the swea.t of their brovin 
when with much less exertion they could 
live frugally, but equally well, upon liio 
starch from the sago palm. 

With these general points of vl'v 
In mind, let us now consider the sopai"i*o 
Islands . 

A. Ambolna 

Because of the almost entire 
of paddy fields and other cultivated 1‘uul. 
this island cannot help but make an ac'.on- 
Ishlng Impression upon anybody who cono'' 
directly from Java (see Fig. 123)* blu'o 
the rivers are short and thus have no 
lar flow. Irrigation from them Is un ’o re- 
tain. It la thus understandable Ui'd 


21. R. Broersma, KoopvaardlJ In de Molukkon, Kolon. Tljdehr., 23 (1934), p. 53 I. 

22. Beverelule, 1. c ., p. 87 . 

23 . Bleeker, 1. c ., II, p. 152— briefly characterlzeB Ambon as "unBultod for lowland rloa cultivation 
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there are no paddy fields. For paddles are 
dependent upon the rain. Also the soil Is 
either too pervious, or, where It Is able 
to hold the water, It Is too senile and too 
poor. Moreover upland, unlrrlpated, annual 
crops do but moderately well. In a word: 
Arabolna seems more suited to shrub and tree 
crops. Experience points to the same con- 
clusion. 

The small flat areas (Vl), the so- 
called "pantal lands,” unimportant on Lel- 
tlmor, are of somewhat greater extent upon 
Hltoe. On the lowest marshy spots of these 
lands grow sago palms, while coconuts 
occupy the well drained parts. On higher 
land, on the slopes of hills and mountains, 
are nutmeg and clove trees, although they 
were more frequent In earlier times. Upon 
the "loose coarse soils” between Soell and 
Toelehoe^"^ there are some small groves of 
cajlput ( Melaleuca leucodendra ) (see Fig. 
126). Teak also grows there. Apparently 
there are not many different types of soil. 
At least we find almost nothing concerning 
them In the literature. 

In his description of Am.bo ina‘ Ver- 
beek records that the Rlnon^ckonese prefer 
a calcareous soil for their vegetable and 
fruit gardens In which lime fragments are 
mixed with fragments of eruptive tmaterlal. ; 
"But, since this land is not esiedally ! 
fertile, these gardeners move rather fre- j 
quently, they are slowly clearing the heavy j 
forest. In the neglected kaihglns cogon 
( imperata spp.) Is the only thing which 
grows ” 

Summarizing the abovc^, we cannot 
expect^® that Ambolna will become a rich 
agricultural region, although there are, 
of course, all sorts of ways In which It 
iT^ay be Improved. On all lands which have 
been once deforested and upon whl "h tree 
crops are to be planted, successful re- 
sults are certainly to be expected from 
green manures. But as to which particular 
kind, I3 a problem for the agrlculturlst.s . 
Meanwhile, It appears probable that the 
selling price of the products must be 


sufficient to make possible the use of Im- 
ported fertilizers and hence to signifi- 
cantly Increase the productivity of the 
soli. 

B. Ceram 

In comparison with the other 
Islands, most of the low flat plains on 
this Island are along the coast and extend 
more or less Into the interior. Hence the 
extensive sago palm forests are so great 
that sago can even be exported. If this 
palm were regularly cultivated and If there 
were technical improvement In the prepara- 
tion of sago, without doubt the yield could 
be notably Increased. Along the sandy 
coast cocos now grow everywhere. Although 
there are no data as to yield per tree, 
the production is probably not high. It 
is worthy of note that In a large number 
of photographs of Ceram and of Boeroe, in 
which coco palms may be seen, It Is my Im- 
pression that unusually few nuts can be 
seen on the palms. This might be an acci- 
dent, but It may also be a generally- 
occurring, phenomienon. 

On Ceran;, according to Ratten,^® 
cocos grow veil almost anywhere on the 
flat lands and even In the lower mountains 
but. "though the tree may grow everywhere, 
t.he yield varies widely In different 
places.” For example, on Elpapoetlh bay, 
on the west bank of the Wal Roelsl river, 
there stands a small grove of tall, quite 
old trees, bearing scarcely a single nut. 
Here the subsoil consists of layers of sand 
of unknown thickness, which Is covered by 
only a thin layer of "soil,” frequently 
not even a half meter thick. For coco 
palms, one-half meter of earth Is hardly 
generous, hut on many coral Islands there 
Is not even that much soli available for 
the trees, and still the trees bear quite 
well. Thus there may, possibly, be some- 
thing wrong with the trees, which Inhibits 
the development of nuts. Also In Palem- 
bang, along, the Moesl, there are many tall, 


Bleoker, 1. c ., II, p. 16^^. 

R. D. M. Verbeek, Jb. Mljnv. (19O"'), Wet. Ged., p. 10. 

Compare: Beverelule 1. c., pp. 79-80; among othore thla sentence: ”In connection with the good phys. 
leal condition of the forest noils agrlculUua. on those soile might give favorable results for a 
short time; although In the course of time disappointment cannot be prevented. " 

27. When considering the case of Bangka this nhcnomei^on vlll be mentioned again. 

T. K. Ned. Aardr. Oon., ^ (1920), p. 
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practically sterile coco palms. They are 
growing in a soil known to be poor in phos- 
phorus. Can it be that there is also a 
lack of this element on Ceram? Analyses 
of this Ceram soil have not been available. 

And as to rice : --"there is no sys- 
tematic cultivation of paddy" in the Ama- 
bel subdivision, reported the old adminis- 
trator Tlclielman. But still, whenever 
and however rice is planted, it grows quite 
well. It does not, however, yield anything 
like a hundred fold; normally only a 20- 
fold harvest; while 30 to 40 fold is con- 
sidered especially favorable. If it be 
taken for granted that approximately .6‘j 
quintals of seed rice is sowed per Ha, 
this would make the "normal" yield about 
13 quintals per hectar. This Is consid- 
ered as a poor yield. As to how unimpor- 
tant rice is as a cultivated crop on Ceram 
is quite evident from the relatively few 
lines devoted to that crop in Mededeeling 
29 of the Encyclopaedic Bureau of Batavia 
(1922). 

Rutten'’° considers that not only 
"can the soils of Ceram best be compared 
with the soils of Java on which are lo- 
cated the poorest paddy fields, but also 
not much benefit can be expected from the 
irrigation water of Ceram." 

"Young volcanic rocks are almost 
entirely lacking on Ceram. Elsewhere in 
the Archipelago they give rise to the most 
fertile soils and the richest irrigation 
waters. It is therefore very prgbable 
that the irrigation water from the large 
rivers of Ceram will be found to be very 
poor in plant food constituents."^^ Fur- 
thermore, per unit of area there are not 
enough laborers, which condition also is 
indirectly connected with the low produc- 
tivity of the land. Other factors, how- 
ever, have an influence upon the density 
of the population. It is possible that in 
some distant future time an extensive rice 
culture of the sort found In Burma, Thai- 
land (Siam) and French Indo-Chlna will 
also develop on Ceram. 

C. Boeroe 

Boeroe is another Island which has 


no true agriculture. The same things may 
be said about its soils as have been said 
about those of Ceram. There Is, perhaps, 
somewhat more limestone on Boeroe and 
there are more steep slopes and more 
eroded, bare rock precipices. 

"There is no other evidence of the 
mysteriously fertile soil to which Holland- 
ers wished to go, than a growth of forest 
which is just as low in vigor as that on 
most of the other Molukka islands. The 
only thing which grows especially well on 
Boeroe is the cajlput tree ( Melaleuca 
leucodendra ) , which grows with a scraggy 
leanness in the plain,...." so writes 
Broersma.^^ On Ceram the cajlput is found 
only on the peninsula of Hoalmoeal, which 
lies closest to Boeroe. Perhaps there is 
also a climatic factor (drought) concerned. 

But as to that I cannot say, not 
having been able to personally visit the 
Islands In question, and not having found 
In the literature anything of consequence 
about Boeroe. A single photograph of the 
landscape (see Fig. 123 ) however, give 

an Impression of this Island, which while 
certainly very important scientifically, 

Is of but little economic significance. 

D. Banda Group 

Only a few islands of the Banda 
group have been populated and cultivated; 
the rest are practically uninhabited. 

These few Islands are: B. Nelra, Lonthor, 

Ay, Rhun and Rosengaln. Of these, the 
last three will not be considered here. 

The volcanic Island Goenoeng Apl for the 
most part Is barren and without Inhabitant. ii 
or vegetation. The soil holds no water 
and Is still In the first weathering stage 
between fresh ash, from which It originated, 
.and juvenile soil. Below, close to the sea 
are a few spots a little more weathered. 
Finer material has been washed onto these 
places from above (see Fig. 12Y ) • 

The soils of Lonthor are passlut 
through the juvenile and virile stages and 
are in a high state of fertility. Tropleal 
high forest has all disappeared; the whoh' 
Island, as far as the soil Is suitable, 1- 
occupied by nutmeg plantations, with 


29 . G. L. TlcheLnan, T. K. Ned. Aardr. Gen. (l923), P- 695- 

30 . L. c ., p. 61 . 

31 . Rutten, 1. c ., p. 52. 

32 . R. Broersm, 1. c . , p, 337* 
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Photo by H. J. Lam 

Fig. 128. Nelra and the Zonnegat, from Oertatan on Lonthor, Banda 
Islands. Foreground the luxuriant forest (with Canarlum trees) on 
Lonthor. In the distance to the right, Nelra, entirely forested; to 
the left, the foot of Mt. Apl. (See pp. 299 and .^05.) 


canarlum trees scattered -iunong the nutmeg 
trees. There are historic reasons for the 
condition of this Island being as It Is. 

But this Is hardly the p')roper place to dis- 
cuss this point. 

The yield per tree and per hectar 
of these nutmeg forests --one cannot really 
call them plantatlons--ls certainly less 
than that of the plantations In Central 
Java. But since the total production of 
this spice Is already equal to, or greater 
than, the world demand, for the time being 
there Is no point In Increasing the yield. 
Consequently these forests are managed as 
extensively and as cheaply as possible. 

There Is neither cultivation of the land 
aor fertilization. The only things which 
are done are the harvesting and preparation 
the products, nutmeg and mace. 

Nelra Island which at one time, 
except for the town and the Immediate sur- 
I’oundlngs, was mostly covered with nutmeg 
trees, now Is being cultivated to produce 
Trults and vegetables for the Inhabitants 
the town. However, there ‘Is no striking 
increase In the population, for there Is no 
^ack country. Hence there Is not much 
Promise of Improvement In the future. 


If nutmeg culture becomes less 
profitable, then perhaps there will be 
even better prospects for the gradual con- 
version of a part of the nutmeg forests In- 
to clove plantations. Moreover, the soils 
of Banda are so much more fertile than that 
of the other, previously described islands 
of the Molukkas that there will always be a 
wider range of crops to choose from. 

* * ♦ * ♦ 


HALMAHERA 
Soll-Foimlng Rocks 

If one sets out to write something 
about Halmahera, he at once notices how 
little Is known about this Island;. at least 
how little Is published with reference to 
Its agriculture and to Its soils. If It 
Is also kept in mind that for more than 300 
years the old Hollanders have been In close 
touch with Ternate, which Is In the near 
neighborhood, this can only increase the 
astonishment that we know so little about 
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Halmahera. Involuntarily the question 
then arises: why In the time of the East 
India Company did the East India naviga- 
tors sail only to Ternate, Tidore, and 
Banda and neglect so many other islands, 
such as Halmahera? 

It is easy to reply that they came 
for the expensive spices , but this raises 
other questions, for example, why then 
could they not obtain just as good spices 
on all the other islands? and if not, why 
not?- -As yet these questions have not been 
adequately, answered. It is inadmissible 
to sutp^ose that it was simply because they 
landed only on those small islands where 
there were the most suitable harbors. Of 
course they had Information from elsewhere, 
hints from people who, themselves, or 
whose navigators already had seen more of 
the Archipelago, and gave advice upon the 
basis of their experience. We must thus 
accept the theory that in previous ages 
a few islands y.iroducod important quanti- 
ties of spices, and that these islands 
were surrounded by many others where none 
w’^ere grown. Tais will also be true for 
the future, at least for the generations 
now passing. Consequently the first- 
mentioned lalsnds had something to offer, 
which the latter, Inclualng the greater part 
of Halmahera, lacked. This valuable some- 
thing was, and still is today, volcanoe s . 

Ternate, Tidore, Banda--all three 
of these are young, still active volcanoes, 
with ash and tuff on the flanks, weather- 
ing to young fertile soil. 

If we look at map II accompanying 

3 3 

Verbeek's Molukka report, the following 
features of Halmahera are conspicuous: 

The backbone of the southern, the south- 
eastern, the northeastern, and the smaller 
northern point of the northern peninsula 
consists of similar kinds of "old basic 
eruptive rocks" ( = obe on the sketch map). 
The broader part of the northern peninsula 
is something else. Along the western side 
and on its northeastern point this region 
has a series of about half a dozen vol- 
canoes. Continuing southward is a second 
series, which Includes Ternate and four 
other smaller Islands. In addition, the 
broader part of the southeastern portion 
of the northern peninsula consists of a 
quite extensive mountainous region (^), as 
well as the plain of Kaoe (a), formed 



Fig. 129. Sketch Map of Halmahera showing the 
trlbutlon of the principal rocks.— After Verbeak. 

Legend ; 

obe = old (basic) eruptlves 
t = (older) tuffs 
V - (younger) volcanic products 

principally of, and covered over by, 
from the ch^in of volcanic peaks lying to 
the west (^) . A similar covering with 
volcanic materials (t) continues south- 
wards. Here, however, the volcanoes are 
somewhat older, and extend to the center 
of Halmaiiera and even on into the base 
of the southern peninsula. 

The above-mentioned old basic 
eruptive rocks are composed of diabase 
and diabase porphyrlte, gabbro, peridot ite, 


55 * Jaarb. Mljnw. N. 0 . I. (1908), Wetensch. Gedeelte. 
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and serpentine. Accordinii to more recent 
Investigations of Brouwer, there should 
also be Included more acid rocks such as 
f ranod I o r 1 1.. e , d 1 o r 1 1 e , quartz i o rq 1 - y r-y , 
laclte and andesite. On those, here and 
Uiere, especially on the northeastern 
and southeastern arms, lying more In a 
zone around the foot, is a.coverin>- of 
Miocene limestone and marl. The younger 
volcanic rocks (v) are basalts and ande- 
sites. Among the latter several are quite 
pale and acid. 

Thus it is that Verbeek says:"'' 

The conclusion to whlcli my inves tlgat ions 
have led me is that the g,eology of ilalma- 
eera must be called fairly simple. 

Taken by and large he Is certainly correct. 

Clim ate 

So long as one does not go into 
details, the climate Is also simple. Hal- 
mahera lies under the equator, so that 
^he temperature oscillations of the monthly 
averages throughout the vliole year are 
fi'iinlmal. At sea level the dally maximum 
temperature Is about and tlie minimum 

^"ibout 22°C, with a variation of 1^^ to f'^^C 


for each. 

lialmahera is not hi gl. . In lic; 
broad part of the ncitherr: . enlnnila ^lio 
voicanot^s rise ahovo- • in: rest of tne 
island, and inHt. damkanrra rea'.':. I,. O ' 

the nloianh e‘ik of tne 'sminl, . 7.-,e 

ontireiy below oTv^' or-'a s oni;: a 

single? mountain peak 's hPn:oi> t;;an ^hat . 

above, a !':l:ii''aim tom erature of no locer 
than aoout l6' to i;'‘C .ould la? an usussil 
thi ng. 

Regarding ‘ rali'.fali In t enoral, 
Braak says:' ' "The Australian rail: tyos 
does net extend as fan as Ha i ■ .i:n:-np ; b; 
both monsoons the rai?'':''all !s ecaalp; 
sti'Ong." Tnls sign;'’:es ?.n;b b'',n ns on. 
bs’/’in cl til In area si no raint'ali ar.a end vniti 
a onadual iossenino of rainfall, a- :'an bt* 

been borrovjed from tin: of t -ent ions i 
sourco*'" and, in so far as ois ::'-on os- 
siolo, have boon oxlondcd by lans so I a t iiv 
the data for . Ti-e data f 0 ‘ .mu - 

sequent years liave no: yet bean ■ul::s;-o^. 

Too data for tiiree lasos. for 
wlilcli observations wo la.' avail a;' is foi' only 
p years, were not Inoot-; oi^a^ ea !:P t' 


H. A. Brouwer, Jaarb. Mljnw. N. 0. I., IR'fl, V’-r .. fs tkai.. ii'. P' -lc. 
f-’’ C -. P- W. 

Meded, Enoyl. Bureau, Batavia, XIII (1917) IlnliTiahera an Morotal. ro. Itb 
-’7. C. Braak, Kllmaat van Ned. -Indio, II, (19-9), p* ^^^9- 

J. Booremn, Verh. Kon. Mngn* Meteor. Obs. Batavia. No. ft (l9fi). 
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Table 71. On the other hand, data from a 
few stations on surrounding islands have 
been added in order that the picture may- 
be made more complete. The order in which 
the stations are listed in Table 71 is as 
follows: first, those of the southern tip, 
then Obi and Batjan followed by the sta- 
tions along the west coast to Morotai, 
returning along the east coast to the 
starting point. 

The following general deductions 
may be stated: there is not a slni^le place 
on Halmahera which has an average monthly 
rainfall of less than 60 mm. rain, and of 
the places with averages for 17 year’s ob- 
servations or more, there is no single 
month with an average of less than 100 mm. 
These facts point to a "continuously wet 
soil climate." This may be considered to 
be the case in the long run but it is far 
from being true from year to year. This is 
clear, for example, if one compares the 
rainfall figures for the years 1929 and 
1930 for Ngafakiaha, on Makean Island, 
which lies south from Ternate. The fig- 
ures are presented in Table 72. 


figures for Ternate (90 years observations). 
From this it appeared that only once did a 
"dry" period occur as long as 4 months 
( July-October) . Seven times there were 
periods of 3 months as follows, 5 times 
during ( July-Sept . ) , once during (Aug. -Oct.) 
and once in (Oct.-Dec.). Thus during 90 
years there have been. only 8 years during 
which continuous dry periods occurred at 
least 3 months long with less than 60 mm. 
rainfall per month. Hence, for Ternate, 
one need not hesitate to accept the aver- 
ages which are given in T^hle 71 as indi- 
cating the actual conditions. The few di- 
vergent years cannot affect the average 
values. The climate of Ternate is "con- 
tinuously wet"; this is also true of the 
soil climate. For Halmahera it is diffi- 
cult to accept anything else as being the 
case . 


Ways in Which Weathering Takes Place 
and Resulting Soil Types 

Since the climate on Halmahera is 
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From these figures (Table 72) it 
is evident what enormous differences may 
occur from year to year. Hence, it is ob- 
vious that in order to be able to arrive 
at .useful averages one must have at his 
disposal series of figures for many years. 
Thus where such great differences occur as 
are shown in this table (Table 72 ) it is 
more prudent to use the figures of the 
separate years than it is to use the aver- 
ages. For that matter, the Encyclopaedic 
Bureau in its treatment of Halmahera re- 
marked^® how strikingly "irregular the 
seasons are in their behavior." 

In order to illustrate this furth- 
er, I went over the annual rainfall 


continuously vet, there is little else to 
be expected than that the soils are subject 
to continuously leachlng-out weatherlnf^ 
The parent rocks, both the older eruptive 
rooks and the younger volcanic ones, tend 
especially to be basic and rich in iron. 
Still it certainly cannot be accepted that 
all rooks have an adequate iron, calcium, 
and magnesium content to Insure the devel- 
opment of good, pervious weathering earths. 
(hh will certainly greatly predominate 
over nn . ) 

As has already been said, Halma- 
hera is not high; as a consequence, for 
the most part the temperature is continu- 
ously hot and warm. Temperate conditions 


39* Meded. Encycl. Bur., Batavia, XIII (191?), P* 12 
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can seldom occur and It la never cold at 
all. Even In the tropical high forest^® 
surface soils (O or oE) rich In humus 
seldom occur. 

Whether the soil Is shallow or 
deep depends upon two factors: (l) the 
topographic situation, and (2) the nature 
of the parent material. That Is, whether 
this material Is loose and porous, such as 
young ash, tuffs and porous rocks, or 
whether It exists as compact solid rock. 

Where loose material occurs In a 
relatively flat position, the weathering 
and soil formation keep well ahead of ero- 
sion. But where solid rocks are on steep 
slopes, even on untouched terrain the soli 
washes off as fast as It Is formed, and no 
deep soil can develop. But In the latter 
case, what washes off Is certainly good 
soil material, so that where It can col- 
lect, as In a small oi* large plain, It un- 
doubtedly makes fertile alluvial deposits. 

Thus the differences between the 
northern peninsula (especially Its en- 
larged portion and the connecting Isthmus 
toward the south-southwest) and the rest 
of the Island arise. If there were but 
more level land adjacent to the rough 
ridges, this remainder should be able to 
develop and retain excellent secondary soil 
types. The only place where a little flat 
land occurs Is the Kobe plain to the north 
of Weda. Prom the rest of the old eruptive 
mountains Just about all the weathering 
material goes directly Into the sea. 

There Is thus left for considera- 
tion the young volcanic region, consisting 
of volcanic mountains and lowland. For 
the name of the soli type on the slopes 
of the volcano, andesite lixivium (V.b.l.-- 
(He to Wa).NN.ae) may be suggested. As to 
the stage of the weathering. It depends 
upon whether there Is more brown (stage 
2-3) or more red lixivium earth (stage 3- 
• Presumably brown to brownish red 
greatly predominates, while on and around 
the youngest volcanoes, as between Galela 
and Tobelo, where the stage varies between 
fresh and virile, the color must vary from 
a very Juvenile gray to a brown. 

In the last-mentioned locality 
there are also substantial bits of plain 


whose soil has been formed directly from 
fresh or nearly fresh efflatas. If they 
lie high enough to be well drained, sub- 
aerlal soil forms ( V . b . I . --He . HH . ae . (2-3).) 
occur but when they have been submerged 
under water, bluish gray, frequently sandy, 
subaqueous kinds of soil ( V . b . I , --He . HH . aq . 
(1-2).) developed. Where amphibian condi- 
tions prevail, soil conditions that are 
transitional between these distinct groups 
will occur. They will show the brown 
veins and flecks which are characteristic 
of such conditions. 

However, where the soil was not 
developed directly from fresh efflatas, 
the material washed on was already more or 
less a product of weathering and this ma- 
terial, upon becoming a new parent materi- 
al [Y.b.l .--Wa.HH.ae.(l-2)]al- , was sub- 

jected to amphibian or subaquatlc condi- 
tions . 

The largest lowland of Halmahera, 
the Kaoe plain, as well as the flats be- 
tween Galela and Tobelo have been formed 
In this way, hence the same soil type 
formulas apply to thera.-- 




Most curiously the first and almost 
the only descriptive writings which were 
found relating to the soil of Halmahera 
are dated 1849. T. J. Wlller'^^ In his 
"memoranda regarding the northern peninsula" 
records the following about the Sahoe plain 
north of DJallolo: "The soil Is somewhat 
friable, yet as a whole pretty fertile and 
blackish to a depth of 2 ft. Below this 
the color becomes more yellowish. At a 
depth of from 3-4 ft. one strikes sand." 
--This Is entirely In agreement with the 
description and the formula which was 
given for this region. 

Further on, with reference to the 
plain of Kaoe, Wilier states: "The plain 
....Is so densely covered with heavy for- 
est that there Is not any open land worth 
mentioning. Along the river, as far back 
as a day’s march from the coast, the soil 
Is tolerably solid, while farther Inland 


In the Vorvolg. Mem. y. Overg. v. Res. W. A. Hoveokamp (April 1931) vo read on p. 9 of Bljl. VII: 
"For that matter one seldom finds thick humus layers." 

T. j. Wilier, IndlBch Archlef, Batavia, I (1849), pp. 345-598, especially pp. 346-547. 
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the soil becomes so soft that the Halfoers 
themselves cannot clear It. In these 
marshes are very luxuriant and very exten- 
sive sago forests. The nature of the 
solid soil is just the same as at Sahoe, 
black, loose and productive down to 2 feet. 
Under that it is yellowish and poor, with 
sand and much water occurring at 4 feet.” 

Possibly that sago palm tract was 
once a lake or a lagoon which for the 
greater part has been silted up. The soil 
described may quite well be a transition 
from sub aerial toward amphibian and sub- 
aqueous forms, but at the same time it cor- 
responds with what, according to the parent 
material and the climate, one would expect. 

In conclusion Wilier states: "The 
soil of the Important Galela plain differs 
little if at all from that of Sahoe.” Ap- 
proximately 50 years ago at Bultenzorg I 
received samples of soil from this ilaln. 
They consisted of beautiful brownish yellow 
lixivium, an excellent agricultural soil. 

We must not fail to mention the 
garlands of reef limestone and other marine 
limestones on the flanks of the higher 
mountains. Since there Is no record of 
true marls, we may take these to be lime- 
stones, whether they are contaminated or 
not with more or less older eruptive, 
young volcanic material, or tuffs. 

With the generally prevailing 
weatherin)^ conditions of continuous leach- 
ing with warm water in the presence of 
much air, as well as with carbonic acid In 
the water percolating down through the 
earth, the calcium carbonate cannot but 
dissolve and disappear. The only effect 
which we can expect from the CaCOs is that 
on the limestone mountains the soil will 
be somewhat redder, a "terra rossa” or red 
earth from limestone. 


Evaluation and Utilization 
of the Soils 

Where approximately 20,000 square 
km. are inhabited by only about 60,000 
people, who for the most part are still 
very primitive Alfoers, (at least primi- 
tive in the field of technical agricul- 
ture), it is hard to expect the habitants 


to properly utilize the soil, and much less 
to have an accurate evaluation of it. Al- 
ready approximately 50 years ago Campen"^^ 
wrote: "The agriculture on Halmahera is 
still carried on in the stage of early 
childhood”; and in 1917 the Encyclopaedic 
Bureau^^ arrived at conclusions which dif- 
fer but little from Campen's view. 

With regard to agriculture, the 
northern peninsula is still the most impor- 
tant. This is not to be wondered at since 
that is the place where young volcanic 
soil types are to be found. And yet In 
spite of this the agriculture even here has 
not yet developed a single paddy. How is 
that to be explalned?-- 

According to ray opinion, it is for 
the same reasons that New Guinea, Borneo, 
and great tracts of Sumatra remain so back- 
ward agriculturally In comparison with Java 
and Ball: There is no long-continued dry 
season and no continuous, high fertility. 
The original scant population was able at 
all times to obtain sago. A few coco 
trees provided nuts for the necessary fat. 
In addition a little fishing supplemented 
the diet. The above conditions satisfy 
the Inhabitants and they do not need to 
exert themselves further. There is the 
additional point that for a primitive 
people in the tropics, a dry climate is 
apparently more healthy than a wet one. 
This seems to be true throughout the 
world. Therefore it may be that a high 
death rate on Halmahera prevents a rapid 
increase of the population. An increasing, 
population would not have had enough food. 
If a larger population existed, however, 
it would have necessitated a more vigorous 
utilization of the soil to produce more 
food. On the young volcanic soils a more 
Intense utilization would have been suc- 
cessful . --Presumably elsewhere it would 
not have been successful and the density 
of the population there has, of necessity, 
always remained at the relatively very low 
level at which it still is. 

If one reads the essay by Campen 
already quoted above about the agricul- 
ture of Halmahera, it appears that but 
50 years ago the cultivation of lowland 
rice was still unknown^ ^ and the agrlcul 
ture was of a very primitive sort. In 


h2. C. F. H: Campon, De landbouw op Haleraehera, T. V. Nijv. en Lt. in N.I., XXIX (l884), pp* 1 ^7 
45 . Meded. Encycl. Bur., Batavia, XIII (1917), PP- Bl-86. 

44. L. c., p. 2. 
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1917 it was recoT’ded'^^ that "Nov and then 
paddy cultivation is tried In various 
places. But such tests are always a 
failure .... they never result in the culti- 
vation of rice." And in 1931 Hovenicamp, “ 
the resident, reported: "An attempt made 
In 1920 to introduce the cultivation of 
rice in Weda resulted in a complete fail- 
ure. Tats must be ascribed principally 
to the aversion of the inhabitants to 
regular work and to any considerable exer- 
tion." 

Under such conditions we cannot 
expect much development of the native agri- 
culture. It Is also noteworthy that Campen 
in his description of kaihgln, or upland 
rice culture, remarked upon how suitable 
the land seemed to bo for various other 
crops: "For the cultivation of sug^r cane 
the soil appears to be remarkably suitable. 
Both the higher and the lover lands are 
equally adapted." (p. 6 ). 

Regarding the cultivation of , to- 
bacco by the ini-iabitants for their own 
needs he says {]). ?): "Sometimes as soon 
as two months after transplant, Ing many 
beautiful and large loaves are ]:luckod." 

Bananas of many kinds, --and vari- 
ous sorts of root crops are planted out 
everywhere. He describes In detail trie 
gathering of sago from the sago palms, 
as well as the culture of tlie sugar palm. 

{ Aren/-^a p inn at a ) , and of f ru It t ree 3 . 

Dammar Is the m.ost Important for- 
est product. Also of lmpjort,ance are rat- 
tan, nutmegs, cloves and, especially, 
areca nuts.' Perhaps nowhere else In the 
Moliukkao, oxce])t -on Halmahera, can such 
excellent areca nuts be found. These can 
compete even with those from. Atjeh, Suma- 
tra. Beautiful forests are found in .^umie 
r'laces, for exa.mple, beyond Vamma (Kaldl). 

Perhaps these estl mattes are still 
srim.evhat too rosy. Otherwise, if Halma- 
bora really does possess such excellent 
3011 , It Is difficult to understand why 
tliere hasn't been more agricultural devel- 
opment during the last mO years. Sven 
though little progress has been made, per- 
haps there will be in the long run. In 
^^eferrlng to the region of youn^l volcanoes. 


^12 

controller Karsen"' ^ was of the same 

opinion, for he wrote, "The future of 

Halmahora lies not in the forests. This 
fertile Island Is by nature designed for 
agriculture Including animal husbandry." 

Now if the Government applies 
western science and technic to Halmahera, 
then the dominating natural factors will 
no longer apply with so much force as be- 
fore. Hygienic conditions will be bettered, 
so that the population can increase. 

Through choice of crops and Improved cul- 
tural methods the productivity of the soil 
can ho increased. Therefore In the future 
considerable more can be expected of the 
young volcanic area which lies between 
Djailolo, Loloda, Tobelo, and Kaoe, as 
well as of the strip down the west coast 
to approximately across from Weda. Al- 
ready many cocos have been planted, with 
the exportation of copra as the result, 
if the stands of sago palms In Kaoe and 
elsewhere are carefully and properly man- 
aged, posslhl;' they can supply a signifi- 
cantly greater amount of sago. Without 
doubt paddies can be laid out in a num.ber 
ot* places in this i:'art of the Island, while 
the land which cannot be Irrigated without 
heavy expense can still be used success- 
fully for m.any years for cassava or sweet 
potatoes. Because of the climate, cotton 
has very little chance. The region may 
also be too 'wet for peanuts. But such 
crops as oil palm and sisal, for example, 
stand a good chance of succeeding, at 
least as far as the nature of the soil is 
concerned. 

And now as to the rest of the 
Island. As has already been said above, 
it may be expected that there are but few 
localities wiiere. If the forest be cut 
down, there Is enough soil to begin culti- 
vation. Possibly the best suggestion 
which can be given is that the forest 
should not, be cut at all, but the natives 
should be satisfied with the dammar and 
ebony to be obtained from it. It might 
even be desirable to plant out in the for- 
est a few more dammar and ebony trees, and 
ihus. Insure a continuously higher produc- 
tion. Only the really flat land ought to 


Mod. Encycl. Bur., XIII, la 8‘). 

Varvolg Memorlo v. Ovor,.:.nvo Bes. v. Tenmte W. A. Hovenkmnp, (AprU 1931), Bljl., VIII, Nota v. Toel. 
landschap Tidore, p. 25 . 

^ 7 . Mem. V. Ovorg. Contr. K. M. H. Karsen Betr. Ondorafd. Tobelo, (l9lB) , p. 20. 
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be brought under cultivation. And even 
mo3t of that should be used mainly for 
tree crops . 

CELEBES 

Celebes la half again as large as 
Java and more than 5 times as large as the 
Netherlands. Hence It Is difficult to 
state concisely Its geological formation, 
Its climate. Its soil and other related 
generalizations. To obtain an adequate 
conception of this Island It must be di- 
vided into natural subdivisions, which, 
by their names. Indicate their location: 

Page 


1. Minahasa 31^ 

2. The "Northern Neck" 3^1 

3. Central Celebes.. 330 

4. The northeastern peninsula 3^1 

3. The southeastern peninsula 3^3 


6. The southwestern peninsula, sub- 
divided Into: 

a. The southern Toradja lands.... 332 

b. The lake region and In addi- 
tion the country to the south 

of the lakes 3^9 

These separate parts demand Indi- 
vidual treatment largely because of the 
great differences In their geological na- 
ture, In consequence of which equally 
great differences in the nature of the 
soil have developed. As will be .evident 
from the descriptions below, these soil 
differences have. In turn, affected the 
nature and density of the population. 


1 . Minahasa 

Soil-Forming Rocks 

Without making a single serious 
mistake, we can lump together the soil- 
forming rocks of Minahasa under the one 
short statement that they are practically 
all basic volcanic. However this Is not 
the Impression one gets upon first glanc- 
ing at M. Koperberg’ s"^® geological sketch 
map, since In Minahasa alone 7 colors are 
noted (see Pig. 130, page 313). But when 


examined more closely, It Is of little 
consequence whether the parent rock con- 
sists of Miocene, Pliocene or still younger 
tuffs or andesites. The main point Is 
that hypers thene andesites are apparently 
the most abundant, basalts less so, and 
hornblende andesites still less. More 
acid members of the series, such as tra- 
chyte occur as an apparently younger cov- 
ering on a foundation of much older, basic 
rocks such as dlorlte and norite. Llparlto 
tuffs, which do occur elsewhere In the 
Indies and for that matter even on Celelris, 
are not found In Minahasa. Obsidian 
however Is certainly present, Mt. Kasooan 
(south of Menado and West from Tondano) in 
particular, appearing to be made up en- 
tirely of It. Thus the petrographic in- 
ventory of Minahasa seems very simple at, 
least as long as no rook analyses are 
available . 


Climate 

Since the equator runs exactly 
through the centre of that i^ortlon of the 
Istlimus of Celebes which runs north and 
south, Minahasa is about only 1^' north 
latitude. As to the temperature , there i:. 
no opportunity for those seasonal differ- 
ences, such as have already been so defi- 
nitely observed"'^ on Timor or Southern 
New Guinea. For Menado the temperature 
averages 23.2^C In January and February, 
and 26.3^ In August, and an annual aver'iye 
at 23.8*^. For Tomohon, at 8OO meters el(-- 
vatlon there is not even 1°C oscillation 
between the averages of 20.7° In Feb. nrid 
21. 6"^ In May. 

Here the only temperature dif’fc'r- 
ences of significance are those caused by 
•the elevation, which varies from sea levoi 
to approximately 2,000 m. on Mt. Klabat, 
and 1,800 m. on Sopoetan. Considerable 
tracts of Inliablted country lie between 
600 and 1,000 m. elevation, where the 
average temperatures are about 21°C, witu 
about l4^C for the mountain tops. 

The relative humidity of the aim 
like the temperature, never goes to ex- 
tremes. For Menado, the absolute mini!!'*''' 
of 33^ has been observed, but the avoray 


48. M. Koperterg, Bouwst. v/d geol. v/d Resld. Mono' 0, Jb. Mljnw. N. I., (l92B), Vorh. lo en IIo 

Met atlas. 

49. Cf: C. Break, Het Kllniaat van Ned. Indie dl. II, pp. 443-44‘3. 




Sketch Map of Celebes: After Koperberg, 


Fig. 150 

dally minimum I3 only 68 %, Relative hu- on the northwestern coast. Menado, Tana- 

mldltles of less than 26 %, as a result of wangko and Bojong show their highest 

hot fdhn winds which at times have been figures for the period from December to 

observed In other parts of the Indies, March, although as can be seen in the 

apparently never occur here. following synopsis, (Table 73, page 3l6), 

The rainfall, too, Is far from the amount seldom exceeds 6OO mm. per 

extreme. Seldom do completely rainless month. 

months occur. In 40 years Menado has had As usual, the data have been bor- 

only 11 dry months, Masarang (900 m. ele- rowed from the 24th (l93l) report of. the 

vatlon) has had but 5, while Kema, on the Royal Magnetic and Meteorological Observa- 

east coast, during this time has had at tory at Batavia. In so far as has been 

least 12.®° It appears that at Amoerang, possible, these figures have been corrected 

vhere observations were commenced much with the published figures of the' rainfall 

later, a markedly greater number of dry data for 1929 and 1930. 
fnonths have been recorded. In the west The only monthly averages under 

monsoon heavy rainfall occurs on the slopes 60 mm. are for stations with observations 


50. Cf. c. Break, 1. c., p. 447. 
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DISTOIBUTION OF RAINFALL DURING THE YEAR IN MINAHASA 


station 

Number of 

years of 

observa- 

tions 

Elevation 

abave 

soa level 

In m. 

Rainy 

days 

per 

yoar 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Juno 

July 

Aug. 

Sopt. 

Oct. 

Nov. 

Dec. 

Rainfall 

por year 

In ram. 

1 

Humid 

(wot) 

monlhc 

(dJ\v) 

rnoii t,. 

Sindoran 

Or 

about 99.0 

198 

237 

157 

254 

326 

287 

260 

178 

lOOi 

89 

I3i 

2S2 

263 

-660 

II 1 

0 

Kema 

tl 

1 

109 

156 

166 

169 

167 

170 

152: 

108 

76 

76 

102 

160 

I57j 

:i669 

10 

(> 

Pnn^pflanf’ 



















(Marliifc’nu) | 

19 

about loo 

^57 

312 

277 

301 

213 

211 

142 



61 

q9 

183 

229 

2192 

8 

1 

Menado | 

ro 

9 

it.2 

462 

357 

307 

197 i 

161 

167 

1 19 

9H 

87 

120 

220 

374 

266,0 

10 

() 

Tanawangko. . . . | 


about 300 

201 

437 

350 

306 

1 

265 

275 

26 5 

178 

146 

182 

152 

308 

409 

5279 

12 

0 

Tondano 

27 

6-90 

129 

190 

166 

162 

i 218 

208 

161 

99 

7‘-’ 

100 

133 

212 

IS2 

191 1 

10 

I : 

MaRnrarirt 

)i9 

about 900 

178 

228 

209 

209 

241 

246 

201 

137 

109 

117. 

170 

231 

228 

i .3 / -17 

I ' O'- ( 

12 

(. 

Tomo'ion 


about 800 

187 

286 

256 

233 

; 228 

250 

179 

I36l 

106 

128 

190 

254 

270 

2', IS 

'2 i 

0 

Amoeraru-: 

Q 

0 

1.59 

328 

186 

243 

132 

135 

77 

44 

62 


77 

138 

212 

I 

7 

2 

Bo Jong 

.57 

about 900 

1 187 

554 

507 

436 

338 

381 

369 

260; 

2271 

195 

248 

353 

497 


12 

0 

Pol^?ai' 

21 

b 

'!L 

426 

290 

309 

163 

167 

142 

103^ 

72 


109 

251 

395 

1 

1 

! 2‘-,J 1 

10 

i> 


for leas than 20 years. It Is by no means 
impossible that if the period of observa- 
tions were doubled, those places which now 
have low average figures might well have 
them replaced by others higher than 6o rnm. 
This would indicate that in Minahasa 
there are no months of which the true 
average would be low enough to retain them 
in our "arid'' group. 


Ways in l^i c h Weathering Occurs 
and Resulting Soil Types 

In a region such as Minahasa 
with its even climate and relatively uni- 
form parent rocks, we cannot well expect 
very divergent ways of weathering nor 
widely varying soil types. This is perhaps 
the reason why in the reports relating to 
Minahasa we find so very few remarks about 
the soils, let alone descriptions of them. 

Apart from insignificant excep- 
tions, the parent material is a more or 
less finely broken up, intermediate to 
basic, andesitic to basaltic rock (v.b.l.), 
with much black cinders, sand and ash (see 
Fig. 131, page 317)* Moreover, as a whole 


the rocks are rich in iron. As stated, 
analyses are entirely lacking. The single 
analysis of a rock from Minahasa is that 
of an obsidian, recorded by Vorbeek. The 
results have been included in Part I (r.'age 
20 ) of this book. 

Elsewhere than in the lake plain np 
Tondano and a few other similar small plalnij 
along the coast, almost always the water 
movement in the soil is downward (NN.ae.), 
and thus the general soil type will be an 
andesitic lixivium in all stages of weath- 
ering. The soil on slopes and convex 
places will be V.b.l--(He to Ma). NN.ae. 
(I-N). In the first stage tho soil will be 
light to dark gray and black, unweathered 
or just slightly weathered gravelly soil. 
Sometimes it will contain more sand, some- 
times more porous gravel (like pumice 
stone). It is still embryonal^^ as a sub- 
strat for plants, hence not yet an agri- 
cultural soil. 

Second stage : Juvenile, grayish brown to 
yellowish brown lixivium; 
fertile. 

Third stage ; Virile, a good brown lixivi- 
um; an excellent agricultural 


51. The Russian School, and in consequence of it a number of other soil scientists, call soils which are 
still hardly weathered, "skeleton soils." This metaphor seems to me to be Incorrect. This expreetil^i' 
ought to be used for a laterite soil in the fourth or fifth stage of weathering, but fresh ash boIIg 
are "prejuvenile, " thua "embryonal." 
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Fig. 131. Mlnahaea, Colebes. Mt. Aleepoct, of 
the Sopoetan Complex, In eruption. — Lava, black 
cinders and ash. (Soc pn. 5^0.) 

soil, moderately fertile. 
Fourth stag.e ; Senile, brownish red to red 
lixivium, strongly impover- 
ished. 

Fifth stage : Weathered-out laterlte soli; 

this does not yet occur In 
Mlnahasa. 

The geological literature devotes 
the most attention to the first stage, but 
volcanic slag, sand, pumice stone, etc. 
are not overlooked. Nor would the last 
stage have been overlooked, even wlien the 
material has become a laterlte, since It 
attracts the attention of geologists as 
iron ore. If laterlte had ever once been 
found in Mlnahasa, it would certainly have 
teen Included In the descriptions. But the 
Intermediate weathering stage, the true 
"soil" stages, have been completely Ig- 
nored. This Is very much to bo regretted. 


This may excuse the presentation of 

only a very general and vague desorl Mon 
of the soils of Mlnahasa. These i.; j -nip- 
tlons are based upon a verbal doscnipMon 
by a native of the region, which was not-ed 
down as it was given. 

As soon as one ascends much abovo 
sea level In Mlnahasa, the soil Is gen- 
erally a brown to reddish brown lixivium. 
Only on the older Lernbean mountain, to 
the east of Tondano lake is the ground a 
brighter red lixivium. This Is especially 
the case on the outer slopes toward the 
south east. On the slopes of the volcano, 
Mt. Klabat, the soil contains much sand 
and scoria, which Is very pervious to water 
and Is thus but moderately well suited for 
vegetation, since on such a soil only a 
short rainless [period very quickly becomes 
fatal. The soil Is’ not even in the first 
or second stages of weathering. On the 
Sopoetan mountain complex (see Fig. 1^1 ) 
these characteristics are apparently still 
clearer. The latest ash-falls are still 
youn^'er, and there the natural vegetation 
Is just beginning to advance over the sur- 
face of the material. As the soil weathers 
more, that is, passes into the second to 
third stages, it becomes more beautiful and 
more productive. But the red Lernbean soil 
Is too senile. However between these 
stages lie a number of undoubtedly very 
fertile, first class arable soils. 

In the not very extensive low land 
along the sea much gravelly and sandy soil 
Is also found. Many times this exists 
under amphibian conditions ( V , b . I --He . MN . 
(am to aq.).(l-3)), and here and there even 
under subaqueous conditions. By nature 
these soils carry quite another flora than’ 
that on the mountains, but this land has 
now, for the greater part, been cleared and 
converted Into agricultural land. 

Especially deserving of mention are 
a few fiats In the mountains, of which the 
plains around the lake of Tondano are the 
foremost. There the soil to a very consid- 
erable degree--certalnly as long as the 
lake was still larger In area than It Is 
today--wa 3 subaqueously weathered to a 
soil which has developed a black, strongly 
humous surface soli above a dark gray, 
slightly humous subsoil. This material 
has become exposed through a lowering of 
the water level, and the subaquatlc condi- 
tions have been changed Into iimphlblan con- 
ditions and now the most bea'utlful paddles 
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of Mlnahasa occur around the lake. This 
l3 at least partly because the soil which 
has washed off from the surrounding moun- 
tain slopes is mixed into the existing 
soil. 

Upon Mt. Bantlk, In the west of 
central Mlnahasa, the soil Is somewhat 
different. According to Koperberg,^^ be- 
cause trachyte occurs high up on different 
sides of Mt. Bantlk, and because Its pro- 
file slopes down on all sides. It can be 
deduced that It must have been a point of 
eruption from which the glassy trachyte 

flowed down "in different directions " 

"This earlier trachyte volcano has an 
older massif as a foundation which for a 
great part has been covered over by the 
mass which either flowed out or was partly 
blown out. In the deeper Indentations (of 
the coast line) this older base.... Is ex- 
posed." From the description,^^ this 
foundation appears to be of diabase. There 
are no chemical analyses either of the 
trachyte, or of the diabase, --no more than 
there are of any of the other rocks of 
Mlnahasa. We have to be satisfied with 
the assumption that the trachyte soil Is 
rich In lime, but, because of a smaller 
Iron content, the soil has a paler yellow 
and perhaps even grayish color. And where 
It Is well weathered It should be more 
Impermeable than the Iron-rich soils from 
andesites or basalts. 


Evaluation and Utilization 
of the Soils 

Do the Inhabitants of Mlnahasa 
fully realize how good their soil really 
ls?--Thls question obtrudes Itself upon 
one who makes a comparative study of the 
kinds of soli of the different Islands In 
the Netherlands Indian Archipelago. 

In the Introduction to his study 
of the volcanoes of Mlnahasa Kemmerllng^'^ 
says, "Mlnahasa Is the volcanic region 


par excellence. Hence one must not be 
surprised that there Is a quite dense 
population In this part of Celebes which, 
drawing a profit from the fertile soil 
which Is easy to work, Is rather well off. 
Great stretches of country still He fal- 
low: and the density of the population 
remains far lower than that of well-known 
volcanic regions of Java. Immigration to 
this region from the densely populated San- 
glhe Islands (which are also volcanic) 
would be the best possible move." 

Then why does Immigration not tale 
place upon a much greater scale than at 
present? Mlnahasa I3 Indeed more densely 
populated than many other parts of Celebes 
and of a number of other Islands, but with 
only 25 residents per square km. the den- 
sity Is still not even l/l2th of that of 
Java and Madoera, where there are 313 per 
km.^.^^ There must still be some serious 
obstacle to the development of this region. 

In the first place, extensive, 
gently-sloping plains are lacklngh” and 
In earlier times the volcanoes had ejected 
very great quantities of coarse pumice 
stone and slaggy bombs. At present vol- 
canic activity has greatly lessened and 
the more recent eruptions have been mostly 
limited to streams of lava. But Kemmer- 
llng reported for Klabat and for Sopoetan 
"especially along the foot, fields covered 
with black sand and lapllll."^’^ 3uch ma- 
terials are of course not yet suitable 
for paddy fields since the perviousness of 
the soil Is so great that It Is Impossible 
to hold water on them. On Java, near the 
Kloet and Lamongan volcanoes, lands of 
this sort occur but such soils are planted 
to various kinds of plantation crops. 

Where a larger proportion of the ash Is In 
the form of find dust, paddles can be suc- 
cessful , 

Apart from these natural hindrances 
there are still others which were stated as 
early as I834 by officer B. B. Jansen"'” wiio 
wrote: "The nature of the terrain In 


52. Jb. Mljnv. N. 0. I. (1928), Verb. I, p. I58. 

55. L. c ., pp. 123-L59. 

54X0. L. L. Kfimmerllng, Vulkanol. Medodeel., No. 5 (l92)), pp. 95-157. 

55* -Figures from the provisional results of the 1950 Census. 

56. Cf. J. van Buuren, Versl. Irrlg. Onderz. Celebes, In Jaarversl. B. 0. V. (1913), V, C. Bljl. II, P* 

57. I.e., pp. 98, l4l and I5I. “ 

58. A, J. F. JVisen, De landbouw In de Mlnahasa van Menado In T. v. Ind. T. L. and V. K., X (l8bi), 

pp. 221.*258; and particularly p. 232. 
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Photo hy H. J. Lam 

Fig. 132. Mlnahasa, Celebes. Kaifelns with upland rice and cabo 
negro paLms ( Arenga pinna ta) . In the background; forest. Virile 
brovm to brownish red lixlvlimi soil. Yields unknown. 


Mlnahasa, which Is extraordinarily moun- 
tainous and Irregular, Is much more suit- 
able for the cultivation of dry upland 
crops than for lowland rice (paddy) fields. 

"Nevertheless, there is consider- 
able land which may be used for paddy 
fields. As yet, however, not much use is 
made of such land, because the population 
in general is not accustomed to raising 
paddy. Also, even though the wet fields 
produce more rice, the farmers prefer the 
dry fields because they can also grow at 
the same time other crops which are use- 
ful. In addition, the wet fields, unless 
they are so situated as to be naturally 
wet, require the construction of ditches 
which many times necessitates heavier 
labor than the people are capable of doing. 
And lastly, the personnel is lacking for 
giving the necessary instruction in lowland 
rice cultivation and for providing the nec- 
essary supervision. At the same time the 
extraordinary fertility of these soils 
makes this region preeminently suited to 
^de cultivation of rice." 

It is now 80 years later than when 
this account was rendered. Much has been 


done, but certainly there is still very 
much more to be done in the way of irriga- 
tion. At that time rice was exported; 
now, as a consequence of economic causes, 
much rice is Imported. The nature of the 
soil, however, is such that it is very 
probable that rice imports should not be 
necessary. The upland dry rice fields 
(kainglns) are still scattered everywhere 
and are the principal type of cultivation 
{ see Fig. 132 above) . 

Meanwhile Minaliasa is developing 
along other lines. The world demand for 
copra has induced the inhabitants of the 
coastal regions to plant countless coco- 
nuts. The coco palms grow excellently on 
the pervious, brown and reddish brown vol- 
canic, lixivium soils. For the time being 
there is still plenty of land. And so 
although the inhabitants realized that a 
definite area, when used for lowland rice 
produces more than when used for a coconut 
grove, yet they have planted coconuts 
everywhere, since there was no shortage of 
arable land to force the people into more 
Intensive agriculture. 

Paddy fields have been developed 
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only on awampy soils, such as those around 
the Tondano lake and on other similar 
lands, where, on subaqueous or amphlblanly 
formed black soil the coconuts grew poorly 
or not at all. The fields have proved to 
be very good ones. 

It Is a great regret of mine that 
In the literature I have never been able 
to find figures on the yields of lowland 
rice for Mlnahasa. This Is also true for 
upland rice fields, maize, and coconuts. 

If such figures were only available In 
adequate numbers, and were reliable. It 
would probably be possible to draw Impor- 
tant conclusions for the future. If one 
reads over the above already-quoted report 
of Van Buuren one finds that even today 
{19^1) not a single figure of production 
can be given- -In spite of the many Irriga- 
tion possibilities of Mlnahasa. For ex- 
ample how many people should be able to 
make a living in the most southerly part 
of Mlnahasa? In the river valley of the 
Polgar River and of the Ranojapo Rlver^^ 
on good, Irrigable, volcanic soils ?--And 
there are .also other localities which from 
an agricultural standpoint are without 
doubt full of promise. Yet In 19 .' 32 '’'^ It 
was stated that "As a whole the Irrigable 
areas are still not half ilanted" so that 
even yet quite a good deal of time will 
have to pass before there will be a defi- 
nite need for additional Irrigable lands. 

At present the plains around lake 
Tondano are the best of the lot. It would 
be very desirable to be able to accurately 
compare the productivity of these plains 
with those of other mountain plains of the 
Netherlands Indies, which likewise origin- 
ally were lake bottoms. Examples of such 
[lalns are those of Bandoeng, Korlntji, and 
Taroetoeng . 

Besides dry rice and paddy a number 
of other crops are raised In Mlnahasa. 

Cocos have already been mentioned. They 
are found far Inlind. How many nuts, how- 
ever, a tree produces, seems to he unknown. 
In a recent paper deallnp' with "copra In 
Mlnahasa"®^ there Is a separate chapiter 


about the "production of the native groves, 
but without a single figure. 

The cultivation of coffee has al- 
ready well justified Itself. It Is note- 
worthy that as long ago as 1893 Jansen"^ ^ 
remarked that "Mlnahasa possesses much 
good land suitable for coffee, of which 
that lying around lake Tondano Is the 
best, and excels those lands In the dis- 
tricts of Rembokan and Kakas "--Rembokan 
and Kakas are near the lake. There are no 
rainfall observations aside from those at 
Tondano and these are quite low figures 
(see Table 73 , p. 3 l 6 ) . Should not the 
relative drought of the surroundings of 
Tondano lake be considered In the deter- 
mination as to what the best coffee dis- 
tricts are?- -Also further remarks by Janson’^ 
give the Impression of accurate ohservatloo 
He says "The mountain flats close to the 
lake, with an elevation of from 2,000 to 
9,000 feet, appear preeminently suited to 
coffee. But the farther one goes from there, 
however," (Jansen presumably means In a 
southwestly direction, up on Nobngan and 
still farther) "the more the land decrease.i 
in quality, and In the regions about Sepoc- 
tang (Sopoetan) volcano, an lm])ortant are.i 
Is covered with volcanic ash" (sand and 
lapllll?), so that It Is Infertile, and af. 
least at present, unsulted for coffee cul- 
tivation." As weathering In these locali- 
ties proceeds, however, coffee cultlvaticu 
will be successful on the higher 3lop;es, 
while on the lower edge It will be less 
and less satisfactory. The slightly weat,!,- 
ered soils are greatly benefited by a gr' iM 
manuring. Van Aken, In referring'; to Nobui'ur, 
writes as follows. "As a rule however, 
the harvests are below normal, since the 
very sandy soils possess too little humu'i. 
The Interplanting of Crotalarla anag.yro I du) 
between maize has Indicated that greater 
yields may be obtained In this way." 

There was never very mucli cultiva- 
tion of cacao and what there was has now 
been given up entirely. The climate- In 
Mlnahasa Is also apparently less sultalh- 
for this crop. Nutmegs grow better, but 


' 9 > Vorslag Van Buuren, 1. c., p. 12. 

to. Mem V. Over^p Ros. Van Aken, Mol 1952, p. iHl. 

tp. Kaon. Wookbl. v. N. I., I, No. 16 (l952), p. 69 O, sub '’Handol." 

to. L. a ., op. 201 and 222. 

L. a ., on. 201 and 022. 

ot. Men. V, Over/p Rob. A. Ph, van Akon, Mol 1952, p- l^d. 
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there la not enough sale for them. The THE NORTHERN NECK OP CELEBES 

same Is especially true of cloves. In 

recent years the cultivation of cloves has To more closely fix the region, 

been considerably extended, especially known as the "Northern Neck," let us In 

upon the quite reddish, southeastern the first place state the localities which 

slopes of the Lembean mountains. make up this region: 

Tobacco Is grown only for home use, 
though this crop grows very well in numer- a. Boiaang Mongondoe 

ous places. One Is inclined to suppose b. Gorontalo 

that these places have relatively juvenile, c. Boalemo 

light, sandy, ash-loam soil, which holds d. Boedol 

water well. Only Investigation on the e. Tolltoll 

spot can reveal whether this presumption f. The small northern portion of Parlgl 

Is correct. Neither Is It known whether (with Modetong) 

very Immature or rather rr^ature soils are g. The small northern portion of Dong- 

unsuitable for tobacco growlni^,. One might gala. 

3 U])po 3 e that Mlnahasa, with conditions In 

other respects favorable, could be expected A single mountain range runs through 

to become an exporter of tobacco, as Is all these localities. For the most part 

considered possible for the volcanic re- It Is a single ridge, though sometimes bent 

glons of Halmahera. and broken, and sometimes paralleled by one 

There also appear to be opportunl- or more accessory ridges. Upon closer 
ties for the growing of abaca (Manila hemp, analysis many different elements of the 

Musa textllls ) In these lands. Jansen^'^ landscape can be distinguished, just as In 

has already mentioned it, saying "it is the Barlsan mountains of Sumatra. In gen- 

asserted that the product of the abaca eral, the region can be likened to the ver- 

plantlngs along the beach is better than tebral column in the neck of a bird. Seen 

that of those grown on higher lands and In from an airplane at a high altitude the 
the localities with a cooler climate." landscape from one end to the other Is all 

Taking all the above mentioned the same: a very rough mountainous region, 

facts together we must certainly count In which there are only a few bits of flat 

Mlnahasa, at least as to the soli, as one land. Except for larger or smaller cleared 

of the good and most promising portions of portions of these flats the whole landscape 

the Archipelago. Most promising. In that is covered by one continuous virgin forest, 

the basic volcanic parent material of the 
aolls will continue to develop new fertil- 
ity through soli weathering and as a result Soil-Forming Rocks 

of the application of green manures, for 

which this land Is particularly adapted. Since gold has been found at a 

If WG accept the theory that t,he population number of places In the Neck, the geology 
will Increase through mutual Interaction of these localities has been fairly accu- 

and, as a result of the agricultural en- rately studied in certain local areas. 

1-ightenrnent , agricultural technology con- That there has been no general study of 

llnues to progress, then the prediction the geology Is demonstrated very clearly 

that Mlnahasa will offer satisfactory con- by Koperberg's maps®^ on which geological 

‘litlons for a considerably greater popula- and petrographlcal findings are given 

tton than that of today, Is certainly not only along the rivers and a few roads, 

exaggerated. Inventory of the rocks of 

Jansen (l. c., p. 2‘)0) wrote (in l8'^'4l) "The soil In Mlnahasa appears to he especially adapted for 
tohacco. . . .and the quality of the product Is considered to excel that of Java tobacco." (But this 
was written 80 years ago!) 

Jansen, 1. c ., p. 244. 

M. Koperherg, Bouvet. Gool. Resld. Menado, ilb. Mljnw. N. 0. I (1^8), Verb. I and II, Atlas, Platen 
II b-d. 
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Photo by P. K. Herlnga 

Fi^^. 1;53‘ Celebes. Entrance to the chasm-like harbor of Gorontalo. — 
Granite boulders In the surf. In the distance a steep granitic slope 
kalnglned off. Poor reforestation on the eroded slopes. (See p. 529*) 


Mlnahasa was as simple as that of the 
further northern Neck of the Celebes is 
complicated. Here in the Neck are rocks 
of many different ages and differing wide- 
ly petrographlcally . Beginning with the 
oldest, there are crystalline schists, as 
well as gneisses and mica schists, chlo- 
rite schists, ho rnblende-actlnollte 
schists, phyllitlc slates, greywackes, 
quartzites and crystalline limestones. 
Tnere follow all kinds of limestones and 
marls, sandstones and other sedimentary 
rocks of very variable age. And then ig- 
neous rocks, of which granites, diorlte, 
gabbro diabase, and "shell stones" (?) 
are, perhaps, the chief ones. In short -- 
the variety is of the greatest, but it is 
at present still Impossible bo state the 
extent and relative Importance of each 
rock, not even if we limit ourselves to 
the rocks which might be considered defi- 
nitely soil -forming. At most, we may per- 
haps make the following remarks: 

In the east, in Bolaang Mongondoe, 
there still occur a few young volcanic re- 
gions, but toward the west the younger 
vulcanlsm Is presumably absent. There are 
large granite regions, such aa near and 


especially back of Gorontalo (see Fig. 13'^) 
and along the southern coast of the broader 
part of the neck running east and west. 
Also gneiss, dacite, and chlorite schists 
occur over quite large areas. More toward 
the center from north to south there are 
quite a few mountains of diabase. 

We should add that presumably alonf’ 
the ouber curve of the neck more sedimen- 
tary rocks, such as limestone, marls, and 
sandstones, occur than along the Inner 
curve. 


Climate 

The equatorial climate of the 
Northern Neck of Celebes offers little 
variation in temperature. According to 
Braak^^ the strength of the monsoon wind^^ 
decreases from the east toward the west, 
where their place Is taken by the periodi- 
cal land and sea breezes which become ot 
predominating significance. As for the 
rainfall, if we consider the averages oi 
many years there appears to be a quite 
regular distribution of th.e rain througii 
out the entire year. But individual yeo-- 


68. Cf.: H. A. Brouwer, Geol. Overz. Ooatel. Ged. 0. I. Arch., Jb. Mljnw. N. 0. I (1917); 7orh. II; 

pp. 11*5-1,1*7, and eBpeolally pp. 175-17**, 221, ^53, 21*6-21*8, ..'71, 296, 308-309, 315, 405-l*07^yere Wwre 
are also foiind additional references. M. Kbperberg, 1. c ., I, pp. 257-297 and II, pp. 

69. C. Braak, Het kllinaat v. Ned. -Indio, Verb. Kon. Magn. en Meteor. Obs., No. 8 ^ D1 II, P* ^20. 
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show considerable divergencies and all 
sorts of Irregularities. 

Wiore the sea winds must travel 
Lir.wards against mountain ridges, the month- 
ly averages Indicate moderate "moistness," 
ranging between 100 and 300 mm. as at 
Bwool. If the Influence of the monsoon 
comes from the direction of the sea, as at 
Kvandang, during the west monsoon, and at 
Molobagoe during the east monsoon, the 
figures become somewhat higher. If the 
Influence comes from the opT>o3lte direc- 
tion, then the rainfall Is somewhat lower, 
as at Tlnombo In the west monsoon. 

If, however, a lowland plain lies 
between mountain ridges, then, from the 
nature of the case, the rainfall is always 
less. This Is clearly seen In the plain of 
Lirnboto behind Gorontalo; there no m.onthly 
average Is above 130 mm. Moreover, the 
east monsoon Is Intercepted by the moun- 
tains southeast of the plain on the coast, 
hence during this season there are a 
couple of dry months and the annual total 
rainfall amounts t.o but about 1200 rnm. 

The following table (Table ) has 
been compiled, as have been a number of 


previous tables, from the data of the 
Meteorological Observatory at Batavia. 

This table shows a number of Interesting 
things. 

Rainfall figures are still not 
available for the Doemoga pla-ln In Bolaang 
Mongondou and the Pagoejarnan plain In 
Boalerno; but by analogy It may be accepted 
that for the former the total will remain 
under 2 m., and for the latter the total 
may even be under 1 l/2 m., while the 
monthly averages will not exceed 200 and 
1:0 rnm. respectively. 


Prlnclnal Ways in Winjch Weatnorlng Takes . 

Place and the Resulting Soil Types 

! Irrespective of whatever the nature 

of the parent rock may be, mountain slopes 
running down toward the northern coast or 
toward the southern coast must be exposed 
to a continuous leaching. A sufficiently 
dry monsoon Is always lacking. Brown, 
brownish yellow and brownish red lixivia 
will 1)0 darker in tint as the parent rock 
Is richer In iron (for example, diabase or 


Table 


DISTRIBUTION OF THE RAINI'ALL THROUGHOUT THE YEAR. IN THE NORTHERN NECK OF CELEBES^ 


Place 

Number of 
years of 
observa- 
tions 

Elevation 

above 

sea level 

In m. 

Rainy 

days 

per 

year 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Juno 

July 

Aug. 

Sept . 

Oct. 

Nov. 

Dec. 

Rainfall 

per year 

In mm. 

Humid 

(wot) 

months 

Arid 

(dry) 

months 

PonoGakan 

12 


1‘^'3 

270 

227 

284 

362 

339 

182 

f73 

89 

117 

169 

365 

330 

2910 

11 

0 

Kotaraobagoe 

20 

610 

l^h 

166 

158 

178 

217 

247 

173 

121 

81 

116 

151 

214 

172 

1996 

11 

0 

Molobagoe 

ll< 

at sen 

level 

98 

152 

164 

155 

169 

325 

485 

372 

331 

308 

101 

72 

156 

2790 

11 

0 

Kvandang 

49 

'» 

124 

311 

258 

204 

169 

199 

170 

115 

101 

101 

140 

217 

266 

2?M 

12 

0 

Paleleh 

29 

" 

1‘3 

317 

354 

286 

184 

197 

194 

162 

136 

130 

139 

251 

283 

2b 5 5 

12 

0 

Bwool 

‘ 13 


117 

246 

I8B 

189 

155 

155 

182 

133 

120 

115 

111 

156 

179 

1926 

12 

0 

Toll toll 

49 


I4l 

227 

186 

145 

132 

213 

243 

210 

194 

170 

176 

146 

205 

221+7 

12 

0 

Gorontalo 

49 


10b 

109 

120 

112 

126 

108 

115 

i ■ 

! 89 1 

•70 

i 

45 1 

b4 

107 

134 

1201 

8 

1 

Boldoe 

10 

30 

116 

119 

141 

146 

109 

I26i 

1 119 

i 

58 

55 ' 

12 

no 

135 

1267 

8 

2 

llfliboto 

49 

8 

10"^ 

142 

110 

126 

143 

139 

^ 106 

i 78 

57 

47 

10 

138 

152 

1501 

8 

2 

Boellia 

18 

13 

112 

117 

133 

107 

124 

137 

1 89 

j b4 


Ob' 

58 

107 

117 

1152 

7 

3 

BflJoonga 

10 

10 

81 

S') 

106 

134 

ISO 

117 

120 

7<> 

.19 

38 

45 

142 

142 

1198 

7 

3 

Tllainoeta 

1? 

at sea 

level 

117 

164 

138 

182 

168 

161 

196 

200 

i 

105 

t)9 

60 

104 

128 

1675 

iO 

0 

Tlnombo 

14 

tt 

103 

59 

65 

90 

167 

183 

152 

140 



no 

118 


77 

66 

1291 

6 

1 

^ ’ *h Boerei 
1930. 

na, Regenv. 
iirthor flgi 

, in N. I., 
ires have r 

Verb 

lot yo^ 

24 (1931), p. 204; 

1 been published. 

supplemented, 

In so far as possible, with the data for 1929 and 
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gabUro). Since the mountainous land Is 
very rough, It Is Ill-adapted to extensive 
settlement. Thus It Is thinly populated 
and still covered with virgin tropical 
forest. The soil under such a forest 
cannot dry out thoroughly. Furthermore 
the Iron oxides do not lose their water 
but remain a yellow color. 

If, therefore, bright red or even 
purplish red soil colors are found In 
these humid districts. It may be considered 
a priori very Improbable that such soil 
types could have been developed from any 
Igneous rock under the weathering condi- 
tions prevailing at the present time. Ex- 
cept for certain local effects of a pneuma- 
tolltlc nature, which also seem to give 
rise to such tints, the cause of the pur- 
plish red color of the soil referred to 
must be sought In the parent material, 
which may be for example, sedimentary 
rocks originating from deep sea sediments. 
Even If the sediments were, perhaps, not 
originally deposited In the deep sea but 
might have been coastal or even terrestrial 
sediments, or for the most part may not 
have been sediments at all but had been 
formed resldually as brown or red lixivium, 
even so, very probably they had afterwards 
passed through the deep sea stage, during 
which time the iron hydroxides could have 
been split Into water-free iron oxide (he- 
matite) and water. However, any further 
discussion of the genesis of such rocks 
must be left to geology. 

If diabase and other basic rocks 
weather to clearly brownish yellow lixivia, 
the granites of many kinds and the related 
rocks give rise to soils which are paler 
In color as the Iron content Is lower. 

The Intermediate, young volcanic rocks from 
Bolaang Mongondou, lying to the east, also 
weather Into brown to yellow lixivia. 

Where, however, all this material Is eroded 
directly Into the river valleys and Is de- 
posited In smaller to wider plains, oppor- 
tunity Is afforded for amphibian or sub- 
aqueous bleaching and thus for the develop- 
ment of very light colored soils. The re- 
cently deposited colluvium and alluvium 
remain a yellow to beige color, although 
the subsoils of the soil profiles In the 
plains tend to be more of a grayish white. 

70. Compare: C. H. 

(1927), No. 18, Archlef S. I. Nod.-Ind. 

71. Compare: The same, pp. 785-791 and Koperberg, 


If the parent rocks contain much mica, then 
the soli glistens because of the great num- 
bers of little mica flakes which resist 
weathering for a long time. The small 
plain of Bolano is a notable example of 
this. 

Summarizing, we can say that where 
the predominating parent rocks are basic, 
rich In iron and lime, the soil Inclines 
toward the brown to red lixivium type which 
on the slopes Is not further developed than 
the virile stage. In this land of very 
rough topography the soil cannot weather 
as far as a really senile stage, since the 
soil erodes before that stage has been 
reached. Thus the soil Is continually re- 
juvenated. In the east. In Bolaang Mon- 
gondou, on the porous tuffs there Is more 
possibility of soils remaining in place 
long enough to weather to the senile stage. 

Where acid parent rocks, such as 
daclte, granite, and mica schists predom- 
inate, pale brownish yellow lixivia must 
develop. Because of the humus content the 
profiles of these soils must have a surface 
soil more erosive than the subsoil. Here 
surface erosion Is certainly more obvious 
than In tuff regions, and a quite Impervi- 
ous subsoil limits the tropical rain forest 
to only very moderate luxuriousness. 

The quite large plain of Llmboto 
Is surrounded by mountains consisting of 
considerable granite. . It Is possible that, 
on the alluvia which has accumulated In 
this plain, with a climate which for these 
regions Is very certainly dry. In the 
course of a long time there may develop a 
gray to black soil which might be called 
"black earth." That Is, a heavy, cracking, 
strongly plastic blacic clay [6r-Wa.nn. 
ae.3 ] a1 -He .nvv.aw. (2-3) . As yet the i5oI] 
here is not as far along as that. Never- 
theless there are Indications that the 
development Is In that direction. If llr^i' - 
rich alluvium washes down from the moun- 
tains onto the plain, then the pH will he 
Increased. This will promote the forma- 
tion of black earth, as on the northern 
slopes of the Padang Hoeloeloe. But 
whether or not black soils are present Is 
more a question as to whether or not the 
dry monsoon Is long and Intense enough. 

In so far as data are available, 


van Harreveld-Lako and 0 . ArrhonluB, Grondond Bull . Bez., Medod. Pr. Java, Suikor-In'i 

p. 776. 

1 . c., Kaar^bl. 5 (Plate IIc). 
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the -Impress Ion Is that the plain along the 
Pagoejaman river, or at least the greater 
part of It, Is now being covered over by 
weathering material from granite. That 
being the case, the surface soil must be 
predominantly a pale yellow fine sandy 
loam or gravel. But that does not deny 
the fact that heavier loams -and also clay 
may occur In the subsoil. The plain Is 
laiown to have been a lake, and these layers 
have been bleached by more or less amphibi- 
an or even aquatic conditions. As far as 
Is known, no rainfall figures are avail- 
able for stations on this plain. Presuma- 
bly they would be like those of the Llmboto 
plain, although perhaps somewhat higher. 

But that the ralrJ’all cannot be high, and 
consequently the leaching not Intensive, 
seems to be proved by the existence of 
spots where "small clay hills with shells" 
project above the general surface of the 
plain. Van Harreveld-Lako and Arrhenlus”^^ 
consider these soils to be "old diluvial 
lake soils"; In which the lime of these 
shells still remains well preserved. The 
pH of the surrounding heavy gray clay does 
not exceed 7 , .and on the Pagoejaman plain 
the pH almost never falls below 6.4. Ac- 
cording to what was said above, pages l83- 
l86, the mechanical analyses given by the 
above-mentioned authors ( 1 . c . , p. ‘,91) 
exhibit curves which make It very probable 
that practically all of the samples must 
be considered as belonging to secondary, 
allochthonous soil types. These types 
include loamy sand, sandy loam, and heavy 
loam. 


Evaluation and Utilization 
of the Soils 

There Is a singular discordance 
between the evaluation of the soli In this 
portion of North Celebes and Its utiliza- 
tion. From the European point of view, 

3uch as Is expressed In a number of "Notes 
oP Giving Over Charge" by various civil 
officials, the evaluation Is practically 
always favorable, particularly with rela- 
tion to the soils on the plains. With re- 
gard to the mountain ridges there Is an 
almost equally unanimous opinion that It Is 
t>03t that these soils be kept under the 


forest which Is still practically unbroken. 
Prom the local point of view the low evalu- 
ation Is expressed only In deeds, not In 
words, being Indicated by only a very mod- 
erate development of agriculture on the 
plains. In addition one sees only a few 
attempts at kalhgln cultivation on the 
mountain slopes. As a consequence the en- 
tire surface of the northern Neck of Celebes 
Is but extremely thinly populated. 

Willie It Is repeatedly the case 
that a relatively dense population lives 
on poor and Infertile soils, the reverse 
Is also true. A soil which is rather pro- 
ductive, and here and there even "very 
fruitful" still remains thinly populated. 

It is possible that the soil Is not as 
good as the high rating would seem to Indi- 
cate; but It Is also possible that other 
factors such as diseases, wars, etc., which 
have nothing to do with the soil, have pre- 
vented an agricultural population from be- 
coming dense. 

In order that we may know more 
about this point soil Investigations should 
be carried out In the field, supplemented 
by soil research In the laboratory. There 
has not yet been much done in this direc- 
tion and for that matter little will be 
needed In the near future, not even with 
reference to the plains, which here, as 
elsewhere, are evidently the most Important 
part of the country. The little informa- 
tion which the literature provides may be 
found In the above referred-to bulletin by 
C. H. van Harreveld-Lako and 0. Arrhenius 
of the Experiment Station of the Java Sugar 
Industry, Pasoeroean. There these authors 
give a number of mechanical analyses. Un- 
fortunately no mlneraloglcal characteriza- 
tion of the different fractions is given. 
This paper also gives quantities of P 
soluble In HCl and In citric acid, pH 
values, carbonate content, and amount of 
gravel . 

Very meagre Information Is avail- 
able relative to the utilization of certain 
of tho most Important of the plains, namely 
those of Gorontalo and Llmboto. From tlie 
results of the analysts It app^ears that 
the soli of this plain often has an alka- 
line reaction, and here and there It con- 
tains more or less marine shells and coral 
remains. According to the opinion of 


72. I^., pp. 784-786. 
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geologists this plain is to be conceived 
of as a former bay of the sea, which was 
later elevated and Is as yet but little 
covered over by recent alluvium. Accord- 
ing to Van Harreveld-Lako and Arrhenius 
in general the phosphorus content is high, 
especially in the north and the east, 
namely 0.0‘j2 - 0,099‘t HCl soluble P2O5 and 
0.02 - 0.036:^ citric acid soluble. The 
more grayish black spots in the southwest 
contain less namely O.OO8 - 0.039^ HCl 
soluble and 0.001 - 0.019^ citric acid 
soluble P2O5. As far as these figures 
indicate we can certainly expect better 
returns from the irrigation works com- 
pleted in 1926-1931 on the Bolango river 
in the northeastern part of the plain. 

In connection with this irrigation 
an Interesting observation can be made. 
Almost all irrigation works in Java are 
laid out on immature, volcanic soils, with 
irrigation water coming from volcanic re- 
gions. Here, however, there is a (presum- 
ably) purely granitic hinterland, which 
provides the water, and a terrain which, 
at least in its surface soil, is also 
made up of weathering products largely 
derived from granite . Here we shall have 
in the future an opportunity to see wheth- 
er or not irrigation In such a granitic 
region can compare in continuous fertility 
and yields with the Irrigation of young 
volcanic regions. But then one must be 
able to control both the soil and the ir- 
rigation water. Hasn’t it just been said 
above that before the land was irrigated 
high amounts of P had been found In this 
soil? ■ And now it is a question whether or 
not P is also to be found in the irriga- 
tion water, or whether the soil, perhaps 
in connection with its previous marine 
history, had accumulated a considerable 
supply of phosphorus. Moreover, although 
P is quite important, it is not everything! 
For example, how does the granitic alluvium 
behave as paddy land in other re spec t 3-- 
physlcally, ’biologically, and otherwise? 
There is every reason to consider this 
question from all angles, particularly be- 
cause granite predominates on other Islands 
of the Archipelago. We immediately think 


of Borneo, New Guinea, Billiton, Bangka, 
and the Llngga Archipelago. Down to the 
present time the opinion has always pre- 
vailed that little or nothing was to be 
expected from paddy cultivation on lands 
of this sort. But considering the results 
thus far obtained in the Bolango irriga- 
tion district, this opinion begins to be 
shaken, and perhaps, at least under some 
circumstances, this opinion should no 
longer be held. The consequences are so 
important and apply to so many important 
regions that serious comparative research 
into this question is Indeed very neces- 
sary. This is particularly true with re- 
gard to still other, recently projected 
irrigation schemes where similar irriga- 
tion water would be used upon the same 
sort of soils. 

A clue is given by H. H. Morlson. 
During the years before the new irrigation 
project, the yield from the Bolango irriga- 
tion district was small. Then as water 
became regularly available from the addi- 
tional works, the yields rose proportion- 
ately, of course principally because of 
the extension of the area planted. 


Old condi- 
tions 


1926 
^ 1927 
1928 


625.52 metric tone paddy. 

728.01 

1; 773. 61 


Beginning 
of the new 
irrigation 


1929 about 5 . 088 . 

1930 " 9,017 


Of the total area of 2,931 Ha. in 
the irrigation year 1929/1930 there wore 
already 2,420 Ha. cultivated. In 1930/Id'31 
this increased to 2,7^3 Ha. According to 
harvesting test cuts in 1930 2,120 Ha. 
gave an average yield of 3088 Kg. wet or 
2460 Kg. dry paddy, an excellent figure. 
This compares favorably with figures ob- 
tained elsewhere. But 299 Ha. (thus mori' 
than 10^) were attacked by the mentek 
disease and gave a yield of only a half 
of that of the healthy fields.” This is s 
warning to watch the soil closely. 

According to A. 0. Frohwein^^ the 
harvest in 1932 had already risen to about 


73. L. c ., p. 776. 

74. Soe; Janrversl. Afd. L.nndb. Bulbenzorg ( 1929 ), p. 512 . 

75. Mom. V. Overg. Contr. Gorontalo (Febr. ’ 51 ), p. 50. 

76. Mem. V. Overg. Gezagh. v. Gorontalo, (Apr. ' 53 ), p. 28 . 
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11,640 metric tons of paddy, and for 1955 
the estimate was at least 12,550 tons, 
vhlch led him to state that: "This year 
the yield of paddy is gratifying. "--"The 
new groups of rice fields extend day by 
day. The working of the land, earlier so 
Inadequate, is becoming more Intensive and 
appropriate, thanks to the instruction of 
Agricultural Extension Service." 

If we contrast this with the state 
of affairs which prevailed no longer ago 
than 1925^^ when the average yield was 
only 12.6 quintals per ha. we see that 
the progress has been truly enormous. This 
Is to be ascribed both to the irrigation, 
which gave certainty to the harvest, and 
to better cultivation, as the result of 
good advice. 

The Doemoga plain lies more to the 
east. As it is surrounded by mountains 
of very divergent geological nature and of 
varied petrographic constitution, its soils 
are very heterogeneous. In one place the 
purplish red color of the soil and the sand 
present in it, originating from purplish 
shales, is apparent. In another place the 
color is a pale yellow with more or less 
flr.e sand coming from rocks containing 
quartz with a moderate content of the 
darker minerals. The chemical analyses by 
Van Harreveld-Lako and Arrhenius ( l. c. , 
p. 794) indicate that while 6 samples con- 
tained much phosphorus namely 0. 44 -0 . 124;'^ 
HCl soluble P2O5 and 0 . 0l4 -0. 0Y5‘’-^ citric 
acid soluble, 24 other s^'^ples contained 
tut moderate to small quantities of P^Ob, 
namely 0.009-0.060^ HCl soluble and 0.001- 
0.009^ citric acid soluble. Thus the soil 
I3 apparently poorer In phosphorus than 
that in the neighborhood of Gorontalo, so 
that it will be 'quite important to know 
the composition of the water and silt of 
the Doemoga river before the commencement 
or the construction of an irrigation sys- 
tem using this water. However, for the 
time being, there is no talk of this, 
alnce perhaps at most five persons per km.% 
living here. This does not indicate a 
very fertile soil nor is it an attraction 
for new settlements. Besides, as far as 
one can conclude from the few mechanical 
^^alyses, the soils are quite heavy. 

Toward the west is the Pagoejaman 


valley. It is joined to the plain of 
Gorontalo and Limboto by a low saddle, 
only 160 m. above sea level. Since most 
of the mountains which surround 'this plain 
are of granite, the plain is built up 
mostly from weathering materials from rock 
of that kind. However, the material ac- 
cumulated in a depression which was ap- 
parently originally a lake, at least in the 
lowest part. The Pagoejaman river cut down 
its bed in the pass toward the south leav- 
ing the plain dry. The result is that 
there are two kinds of soil formation in 
the alluvium. In the lowest parts is 
young subaerial or, at most, amphibiously 
weathered alluvium upon a substratum of 
alluvium deposited in the lake. This is 
soli material which, without doubt, had 
been formed under subaqueous weathering 
conditions. There is only subaerial allu- 
vium in the higher parts of the valley, 
which at the time of the existence of the 
lake remained dry. 

Here and there what has been sup- 
posed to be the old lake soil is exposed in 
the form of small mounds of heavy blackish 
gray clay, only a meter high and a few 
meters in diameter, speckled with weathered 
grains of feldspar and residues of shells. 
On these mounds bleached shells are always 
to be found, apparently exposed by the 
rain, while elsewhere In the alluvial 
plain they •are almost never to be see'n.*^® 
But it Is as yet not certain whether these 
"mounds" are relics of the lake alluvium, 
or whether they are projecting points of 
the underlying granitic rocks. 

The quantities of phosphorus re- 
corded arc very divergent: from 6.001 to 
O.lOp'^ HCl-soluble P2O5 and from 0.004 to 
0.058't citric acid-soluble. The soils 
richest in P appear to be scattered. Yet 
it seems that In the upper stream valley, 
thus higher than Lakea, there are almost 
no soils poor In phosphorus. This ought 
to be an Indication that the water of the 
Pagoejaman River is relatively rich in 
this element. In conformity with this, 
various soils close to the river and in 
the lowest places on the plain, likewise 
show high P figures. But to say more 
about this would be too speculative. 

A few smaller, more westei^ly-lying 


Mem. v. Overg. Asg. Res. v. GoronUilo J. E. Edlc (Juli 23), p. 
Van Harroveld-Lako and Arrhenius, 1 ■ c . , p. 
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plains are also mentioned by Van Harreveld- 
Lako and Arrhenius, namely the Randangan 
plain, along the Randangan and the Marissa 
Rivers, and the Bolano plain, along the 
Toeladenggl and the Lamboenoe Rivers. From 
what has been stated as to the P and pH 
figures and mechanical analyses of the 
soils of these plains, the impression is 
that they are light loams, with astonish- 
ingly high amounts of P. 

Perhaps it is because during the 
rainy season practically all the lands 
except a few higher spots and strips along 
the rivers are continuously under water 
that these regions, although they seem to 
have a good, fertile soil, are so thinly 
populated. Yet one cannot help wondering 
whether this is. Indeed, the real reason. 
Because certainly elsewhere in the Archi- 
pelago this condition also prevails. For 
example, in Palembang, Sumatra, between 
the Ogan and the Komering rivers and yet 
in the "lebaks" there is a quite dense 
agricultural population. More definite 
data about this condition are most cer- 
tainly desired. Perhaps there is some 
major obstacle of dominating Influence 
which can be removed by relatively simple 
or modest methods. 

In the report by Van Buuren, 
besides minute and valuable descriptions 
of the terrain of the above-discussed as 
well as still other irrigable plains, all 
sorts of significant information for the 
irrigation engineer may be found.. But 
Van Buuren’ s investigation was made nearly 
20 years previously. There is little or 
nothing in the report about the soil, and 
just as little about the nature of the 
water and the silt of the rivers which 
will eventually be used for irrigation. 




Now just a few words about the 
crops on the uplands, and about the forest. 


Maize is the most Important food crop and 
coconuts the leading money crop. In many 
places in this part of Celebes both crops 
are in their element. There is much light, 
sandy and yet fertile loam, with adequate 
soil moisture. 

Now that the price of copra has 
fallen so much, more attention is being 
given to the raising of kapok. Also, in 
some places, cloves are cultivated.®^ Cof- 
fee and cacao, once relatively Important 
in these regions, have just about completc-- 
ly disappeared. It is said this is because 
cocos require less work and give more In- 
come. Whether diseases or soil conditions 
also play a role, reilains an open question, 
since in the literature there is nothing 
to be found about these points. Morlson*' ' 
considered that "on the plateau of Plnogoe, 
about 300 meters above sea level, very good 
land exists for the cultivation of coffee, 
as is proven by the couple of thousand 
coffee bushes existing there." He called 
this locality "indeed, the most fertile 
part of the province of Gorontalo." 

The cultivation of cassava, 
( Manihot utlllsslma ), sweet potatoes, ba- 
nanas, and other fruit trees is also prac- 
ticed. Therefore the natural requlremenl.c, 
for an increasing well-being of the people 
are present In northern Celebes. 

The forests, In the neighborhood 
of the denser populated localities, are 
certainly being destroyed at an alarming 
rate through Injudicious kalflglnlng (sec 
Fig. 155) ♦ But fortunately farther back 
in the mountains much forest still remains 
untouched. Whenever the market is favor- 
able, considerable quantities of copal ana 
rattan are obtained from these forestai. 

But here as elsewhere, much rattan has 
been exterminated. 

In connection with the deforesta- 
tion, particularly in the country around 
Gorontalo two points deserve separate 
mention: 

In the first place Morlson has 
noted, as well as others, the erosion 


79 . J. van Buuren, Verel. nopens een Ingest. Irrlgatla-onderz. In Qelobos, Vorsl, B. 0. W., V (l91t)- ' • 
Bljl. II ( 1916 ). 

Bo. L. c ., pp. 12-17. 

81 . Cf. Mem. V. Overg. Contr. Ck)rontalo, H. H. Morlson (Fobr. 1931); P* ^7* 

82 . See: Mi^. v. Overg. Res. Menado J. Ph. van Aken (Mol 1932), p. 159* 

83. L. 0 ., pp. 5-^. 

8t. L. c., p. 24. 
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of the mountain slopes as the results of parently still without name, hence : re- 
the deforestation. Although cogon ( imper - vlously unknown in this locality. If It 

ata spp.) has an extensive root system, it has been imported, then it is important to 

is not capable, of holding the soil In quickly look into its requirements of soli 

place. In many places the mountain soils and climate, to learn whether or not be- 

are already so seriously eroded that the cause of altered conditions in the soil, 
rocks are exposed at the surface. The (and/or climate) a previously unpretenti- 

sandlng up of the mouths of the rivers has ous and unnoticed plant has been enabled 
also been very much hastened by the exten- to spread everywhere. In the Netherlands 
sive deforestation." Van Aken®^ supports something of this sort has occurred, namely 

this conclusion by describing a special the terrible spreading of sorrel on many 

case; "the consequences of this reckless run-out pastures. That also is a soil 
destruction of the forest are especially question, to be remedied by appropriate 
evident on the northern slopes of the fertilization. 

Bone mountains. The creeks which flow 
down to the north was^h off great quantities 

of coarse sand, which has been bad for the * m - 

coconut groves in the Bone valley and for 
the harbor of Gorontalo, into which the 

Bone river empties. And this is the main With reference to the western part 

cause of the progressive filling up of of the northern neck of the Celebes there 

this harbor with sand. Thus here is a are still a few particulars which may be 

case analogous to those on the south west- mentioned. In a military memoir relating 

ern coast of British India.®® The descrip- to the Parlgl®^ subdivision, it is recorded 
tion of the complete ruination of some that in the neighborhood of Tlnombo tobacco 

earlier Important harbors and roadsteads and onions were cultivated, the latter even 

justifies the strongest fears that unless in such amounts that considerable quantl- 
the devastation of the forests is checked ties were exported from there to Gorontalo 

and all possible efforts directed toward and Poso. Hence the soil in this region 

reforestation, the harbor of Gorontalo must Indeed by of good quality. The rela- 

wlll be completely ruined.®”^ tlvely dry climate (not even 1,300 mm. 

Secondly, Frohweln writes:®® "Re- rainfall per year) will also contribute to 

cently there has been concern over the this. There is sufficient rain to weather 

fact that in some places the cattle pas- the soil quite well, but not enough to 

tunes hardly deserve this name. Around seriously leach out the plant nutrients. 

Llrnbotto Lake, in the Telaga sub-district. It is also recorded that sugar is 

during a portion of the year the pastures produced in various places along the east- 
are continuously submerged, so that during ern coast of this part of the Celebes. A 

last year a hundred cows died because of glance at the map shows a strikingly large 

lack of food. On the large Kallba pas- number of villages there. This is because 

tunes a kind of plant which the cattle do of the good yield of cocos in this stretch 

not enjoy has become dominant. This plant along the Tomlnl gulf, presumably likewise 
grows luxuriously and suppresses every- to be ascribed to the favorable influence 

thing else, --all the useful pasture grasses on the soil of the relatively dry climate, 

for the cattle, and other kinds of plants." The opposite coast, more exposed to the 

"This is a notable case: the epl- west monsoon, is clearly less densely 

demic invasion by one sort of plant, ap- populated and is apparently less fertile. 

See for example also: Mem. v. Overg. Res. Manado: J. Ph. van Aken (Mel 1952), p. 17d. 

86. See Sature, (1927), No. 2984, p. JS. 

87 . Compare: J. B. H. Brulnler, Do Booechen v/d Mlnahaea on Bosch-reserveorlng, Putl. No. I, Hoord- 

Celebes-Inat. (1924). 

88 . L. 0 . , p. 29. 

89 . Neither signed nor dated, hut Internal oTldonco Indicates It was written later than 1929. 
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Central Celebes 

In order to avoid any ml 3 understand- 
ing as to what Is meant by this term, let 
us draw on the map an Imaginary broken line 
through the following places: Donggala, 
Parlgl, Lemoro (east from Poso), Kolonodale, 
Maim, Mamasa, Madjene and up along the 
west coast to Donggala again. The region 
roughly enclosed by this line Is the one 
which we will discuss under this heading. 

In various respects this large region Is so 
heterogeneous that no further subdivision, 
not even a rough one, can well be made. 
Hence, as an Introduction to the region we 
will proceed at once to a consideration of 
the 


Soil-Forming Rocks 

The diversity of the rocks Is still 
greater than In the northern peninsula, and 
the geological structure of the very rough 
and rugged mountainous regions Is far from 
simple. Least of all, to repeat again what 
has been said so often, It Is not our pur- 
pose to go Into the real geology Itself. 

The reader interested In that Is referred 
to the geological literature relating to 
this region. Also It must be definitely 
stated that our geological and petrographic 
knowledge of Central Celebes has been ob- 
tained practically entirely since 1900 and 
Is still so fragmentary that Brouwer did 
not wish to show on his sketch map much 
more than that which he and his companions 
themselves definitely observed. Relating 
to the soil, Abendanon Is the only one who 
has recorded observations, and while his 
notes are only Incidental, they are, never- 
theless valuable. That Rutten In his criti- 
cal discussion summarizing purely geologi- 
cal data did not refer to the soils Is to 
be expected. Viille Brouwer, and for that 
matter most of the field geologists, appar- 
ently tried to carefully exclude from their 
publications all that concerns the soil. 

So that, aside from the work of Abendanon 
mentioned above, we are forced to fall back 


upon the communications of administrative 
officers for data regarding the soils, 
since agricultural officers are not yet 
employed In the region In question. Thus 
the reader now knows In advance that re- 
garding the soils of Central Celebes but 
little definite . Information Is to be ex- 
pected. 




Referring to the most recent publi- 
cation, that by Brouwer, we learn that east 
and west from the central Poso depression 
are extensive tracts of crystalline schists, 
which, In themselves, are quite variable. 
For example east from the central line, 
blotlte Is lacking In the schists, while In 
the region to the west of this line blotlte 
Is a well distributed mineral In the schists 
In the eastern region with these schists 
much mica limestone and limestone phyllltes 
occur. In the western region, on the con- 
trary, mica schists occur over great areas. 
Also white quartzites and locally muscovite 
gneiss occur, but almost no carbonate-rich 
rocks are present. As It concerns the for- 
mation of soils, this Is an Important dif- 
ference, as will be mentioned farther on. 

Westerly from the schist regions 
there Is the extensive zone In which are 
situated the tracts with much Intrusive 
granite. Besides granites and grano- 
dlorltes one comes across gneisses and 
many other kinds of rocks, even ultrabasic 
ones at a few points. What Is known about, 
them, even today, especially as to their 
distribution and extent over the surface, 

Is still too Inadequate to warrant more 
than mere mention here. 

Easterly from the schist regions 
one first comes upon the Pompangeo moun- 
tains, which for a great part consist of 
less metamorphosed clay shales, greywackes, 
sandstones, and limestones; rocks which one 
also finds farther eastward, especially 
toward the southeast before reaching the 
great expanses of serpentine and perldodU'-. 


90 . It may suffice here to give 0 very limited eelectlon: E. C. Abendanon, Oeolog. en geograph, door- 
krulslngin v. Midden-Celeb: a (Leiden, 1915-1918), Bd. I-IV, plus atlas; L. M. R. Rutten, Voordr. 
goologle Ned. 0. -Indio (Oronlngen, Den Haag, 1927); H. A. Brouwer, Geol. onderz. o/h ell. Celebes 
Vorh. Geol. Mljnb. Gen., Geol. Ser. X, 2 (l95^), PP- 39-218. The additional literature will be 
found referred to In those publications. 
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Place 

Period 

of 

Time 

Total 

rainfall 

per year 

In mm. 

Rainy 

days 

per 

year 

Months with a rainfall 

of 


less than 

60 mm. 

more than 

100 mm. 

(No. jSb) 

1915-1928 

2175 

151.2 

0 

II 


Koekoe 

1950 

1261 

87 

8 

2* 

*ln which 1 month 







(April) with 789 mn. 


The last -mentioned, ultra-basic rocks, 
however also occur behind Kolonodale, and 
again and again In many places as far as 
the gulf of Tomlnl. 

Climate 

The already repeatedly referred-to 
book by Braak^^ states on page 4^1 : "The 
complex mountain system of Central Celebes 
has, as a consequence, marked local differ- 
ences In climate. The available data are, 
however, quite Inadequate to give even a 
partially complete picture of It.” 

As far as Central Celebes as a 
whole Is concerned this Is still the case. 

We are able to give below but little Infor- 
mation In the form of a description of the 
unusual climate of the Paloe valley, as 
well as some notes on the region around 
Poso Lake. 

In a land such as this right under 
thei equator the monsoons In general are 
weak; more especially In the center of the 
Island, In the vicinity of Poso lake. On 
the (ioasts there are land and sea breezes, 
and In the Interior, mountain and valley 
winds . 

In Central Celebes It Is neither 
warmer nor colder than elsewhere under the 
equator. But since the differences In ele- 
vation are considerable, some differences 
tn temperature occur. Large areas of land 
Ite above 1,000 m., quite considerable 
above 2,000 m. and a few peaks reach eleva- 
tions of around 5,000 m. The corresponding^ 
average temperatures are about 20°C, l4°C 
and 8°C, as compared with average tempera- 
tures for the lowlands of from 23 •5 to 
26.'3°C. Since It la uaual that the aprend 
t’etween maxima and minima becomes greater 
vlth increasing elevation, we may conclude 


that night frosts occasionally occur In the 
high mountains, even If the air Is not ex- 
traordinarily dry. 

If we calculate the average rain- 
fall figures for more than 10 years for the 
greater part of Central Celebes (excepting 
the Paloe valley and the southwestern corner 
at Madjene) the monthly averages for at 
least 9 months of the entire year are more 
than 100 mm. The driest 1 to 5 months have 
between 60 and 100 mm. of rain. Basing 
conclusions upon this, we would at once 
deduce that the "soil Is always wet, with 
continuously downward water movement and 
leaching.” But If we take a striking ex- 
ample such as Koekoe, lying south from Poso, 
then from the figures published by the Ob- 
servatory at Batavia It Is evident that the 
conditions prevailing In the very dry year 
1950 are not represented by the average of 
the 13 previous years for Koekoe (Table 73 )• 
The questiorw then naturally arises as to 
whether or not an average of many years has 
any significance if It so completely oblit- 
erates such severely dry seasons. And 
should we expect that the soil type would 
be locally much altered by such an excep- 
tional 3 eason?--The answer will depend upon 
2 factors: Is^ the parent material of the 
soil Itself; and 2nd the frequency of such 
pronounced dry seasons. Let us consider 
the latter point first. If for example, 
very dry and very wet years alternated 
regularly, then there would not be an an- 
nual but a biennial period, which upon Im- 
pervious parent material would perhaps 
bring about quite a different course of 
weathering than would result from an annual 
and reasonably regular rainfall regime. 
Contrary to the generally accepted Idea, It 
Is not likely that the rainfall Is reason- 
ably regular. Now as to the first point; 
for the weathering of easily pervious 


^ c. Braak, Het kllmnnt v. Ned. 0. -Indie, Varh. Kon. Magn. Meteor. Obe,, Batavia, No. 8, II (1929). 
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material there is only this difference, 
the continuous leaching is now and then 
Interrupted, and takes on a somewhat more 
intermittent character. The differences 
in the nature of mature profiles produced 
by dry seasons will be of but little impor- 
tance. (see pages 150, 151.) Thus there 
will not be any serious error in accepting 
the conclusion that in general, and over a 
period of many years "in Central Celebes 
the soil is almost always wet with water 
moving downward.” It is however possible 
that some bodies of flat land may later 
appear to have a divergent and apparently 
drier climate. The plains of Lebonl, 
Selopada (Sekke) and Besoa come to mind 
in this connection. In the Bada and Napoe 
plains rainfall is already being measured 
(at Bomba and Watoetaoe respectively), but 
regarding especial drought in those places 
there Is not much to remark. Moreover, 
neither Abendanon nor Brouwer mention 
droughts, nor in the collected memoirs of 
"giving over of charge of districts*' by 
civil officers are any of the plains re- 
ferred to as being subject to droughts. 

But the farther one goes into the 
remote corners of Central Celebes the more 
different the picture becomes. 

In the southwestern corner there 
are averages which are still quite close to 
those of Central Celebes, at least as far 
as one can see from the figures of the 


stations Somba, Madjene, Tlnaraboeng and 
T jampalagiang (Table 7^ below). Although 
the average total rainfall per year varies 
from less than 2 m. to barely more than 
1,300 mm., yet the average number of "dry" 
months is one or at most 2, and there are 
at least 8 "wet" months, although once in 
a while a severely dry year such as 1930 
does occurl 

In the northwestern corner of Cen- 
tral Celebes in the Paloe valley there is 
another divergence in the climate. In 
this valley there are enough rainfall sta- 
tions, and they are well enough distrlbutod, 
so that the figures for Donggala, Paloe, 
Bora, Kalawaranapoetl and Lemo (Koelawi) 
give a general view of the rainfall distri- 
bution. Because of the west monsoon, and 
because of the location just around the 
corner outside of the valley, on the sea, 
Donggala during 37 years observations aver- 
aged but 1 month with less than 60 mm., 
while 8 months were "wet" with more than 
100 mm. rainfall. Yet in Paloe and its 
immediate surroundings the conditions are 
so different that almost all months are 
"dry, " and only just one month per year has 
more than 60 mm. At Bora which lies south- 
southeastward and higher, at an elevation 
of 30 m., the average of the past 7 years 
is 4 dry and 4 wet months. Further on at 
Kalawaranapoetl, 80 meters elevation, dur- 
ing 12 years there has not been an average 
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Jan. 

Feb. 

Mar. 

Apr. 

May 
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Aug. 
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Central Celebes 



















Maxnoedjoe 

14 

at sea 

lerel 

146 

215 

151 

190 

151 

216 

183 

112 

100 

194 

150 

213 

166 

2071 

12 

0 

Somba 

12 

** 

97 

252 

150 

154 

202 

153 

148 

94 

33 

89 

107 

228 

352 

1960 

9 ! 

1 

Madjene 

25 ' 

n 

109 

200 

192 

151 

179 

164 

110 

87 

56 

70 

119 

202 

227 

1756 

9 

1 

Tlnaoboeng 

14 

4 

106 

ISO 

133 

133 

182 

133 

124 

62 

42 

74 

91 

127 

188 

1445 

8 

1 

TJaapalaglang 

14 

5 

79 

105 

120 

137 

145 

143 

115 

76 

43 

59 

130 

1 

103 

188 

1515 

9 

2 

Paloe Vallej 



















Don^tgala 

■57 

6 

97 

197 

163 

167 

108 

too 

128 

98 

85 

67 

57 

109 

140 

1590 

8 

1 

Paloe 

22 

at sea 

level 

81 

46 

39 

4? 

43 

49 

65 

46 

51 

42 

34 

46 

40 

546 

0 

II 

Bora 

7 

50 

98 

50 

43 

90 

85 

115 

110 

66 

112 

III 

64 

66 

39 

941 

4 

4 

lalavaranapoetlh 

12 

80 

152 

73 

102 

122 

123 

169 

1541 

130 

115 

141 

96 

131 

75 

1420 

9 

0 

Leno (Xoelawl) 

15 

755 

170 

m 

I6H 

214 

253 

246 

203 

199 

172 

188 

184 

212 

167 

2525 

12 

0 
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Photo from Kon. Paketv. 

Fig. 15^. Looking toward the northeast across the southern portion 
of Paloe Bay, Celebes. Foreground: xerophytlc strand vegetat-lon. In 
the distance; mountains covered only by pale brown, dead gi’ass. (See 
PP. 331, 352, 337 , 3 ^ 0 .) 


of even one dry month per year while there 
had been 9 wet months. Much farther south 
at Lemo (Koelawl) at 739 m. elevation above 
the sea, during I'j years all the months have 
averaged wet months ,wlth an average minimum 
of 134 mm. 

It must be mentioned that the cli- 
mate of Paloe Is described as extraordinar- 
ily hot. Braak^^ says: ''All reports speak 
of great heat during the day....," while 
Steup^^ gained a "general Impression of dry 
heat. If one rides around here, he forgets 
entirely that he Is here In the Indies, and 
seems to think that he Is making a journey 
through the dry portions of the U. S. A." 

Ways in Which Weathering Occurs 
and Resulting Soil Types 

Prom the above It follows that in 
Central Celebes the variation In soil types 
^oght to be ascribed more to differences In 
the parent rocks than to differences in 


climate In combination with the monsoons. 

In this part of the Celebes there 
Is but little fresh, loose rock material 
which has resulted from volcanic action. 
Practically all the rocks w^ere originally 
compact and solid. The granites (using the 
term In the broad sense) of the Molengraaff 
Mts., for example, are certainly solid when 
they are fresh. The schists of the Pennema 
Mts. are also solid, as are the limestones 
(many times really marble). But east from 
Poso lake the rocks become less solid and, 
among other things In that region, looser 
sandstones and weaker marls and clay stones 
occur over great areas. Within the region 
of the schists Brouwer^*^ mentions the for- 
m.atlons in the west as having been more 
strongly metamorphosed than those In the 
eas t . 

Any great differences between wet 
and dry seasons are lacking. Great tempera- 
ture differences are likewise connected with 
desert conditions. There can thus be no 
strong physical weathering. The rocks 


92 . C. Braak, Hat kllmaat van Ned. -Indie, II, p. 4p2. 
95- F. K. M. Stoup, Pnloedal, Tectonn XXII (1929), P- 

1^0., p. 52 . 
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weather chemically, and for the moat part 
in the presence of a surplus of moisture. 

But whether there is much, little, or al- 
most no water percolating downwards from 
above, depends upon the kind of rock and 
the degree of "decomposition,” and whether 
the weathering mass first formed from it is 
pervious or not. As has already been said 
repeatedly, the degree of perviousness of 
the weathered material depends upon the 
amounts of quartz, iron, and lime in the 
parent rock . 

There is an additional important 
factor, and that is whether the loose weath- 
ering material first formed Is easily at- 
tacked and separated by erosion, or whether 
it remains lying long enough in one place 
to develop a distinct soil profile. How- 
ever, regarding this there are practically 
no sufficiently accurate numerical data re- 
corded. 

Of those who have travelled through 
Central Celebes, Abendanon is the only one 
who, in describing his journey, recorded 
anything about the soil. Thus In the narra- 
tive relating to his trip from Masamba 
northward®^ and then the further march from 
Gintoe toward the northwest, there are re- 
peated references to a light gray colored 
sand, originating from granite. On this 
granite one would most probably expect 
lixivium with light brownish yellow to 
light red tints. However, presumably be- 
cause of a low iron content, only "grayish 
soil is mentioned, with much sand". lying on 
the surface. It is obvious that at eleva- 
tions of pOO to 1,500 m. and more, where 
travel narratives state that heavy rains 
are a dally occurrence, the feldspars 
would disintegrate first, resulting in the 
rocks being broken and crumbled to quite 
considerable depths. Then one might sup- 
pose that erosion would carry off the loose 
fragments of quartz mica and feldspar more 
rapidly (page 57 ^), rather than that the 
granular mass would be transformed into a 
brownish yellow and ultimately into a red 
lixivium. 

Along the road between Fantepao and 
Paloppo (about which more later) I ix)ticed 


that in a corresnonding climate and at a 
similar elevation the first weathering 
phenomenon to be observed on granite was 
disintegration connected with the feldspars 
becoming milky and the developing of a 
light brownish-yellow coloring surroundlnp, 
the darker hornblende and mica minerals. 
But the structure of the rock was com- 
pletely preserved; only upon hitting it 
with a hammer did it fall apart to a coarse 
sand. Weathering had progressed in this 
locality to a brownish yellowish gray sandy 
lixivium and even red, sandy lixivium (see 
Fig. 139> page 36O) . The humous surface 
soil did not show the brighter tints so 
well, and was predominantly a yellowish 
gray to brownish gray. It is thus possible 
that Abendanon had actually followed a 
route over a granite terrain, which con- 
sisted of brownish yellow to red lixivium 
under the surface soil, but which he did 
not see. However since he wrote: "On the 
small ridge, in which the path had some- 
times been cut and washed out to 1 m. deer 
in the granitic sand, we found even just In 
front of Masaroe great blocks of llght.- 
colored granite...." we may presume that 
at that spot the weathering had not pro- 
gressed beyond the first stage. 

Apparently the granite of Central 
Celebes has a strong tendency toward rapid 
disintegration. In other parts of the 
earth, even in the tropics, granite is ono 
of the most resistant rocks and granite 
nobs remain as great boulders standing oil 
above the landscape. On the Seychelles 
Islands^^ and the coast of Guinea^"^ in the 
course of a very long time a thick layer oi 
red lixivium and laterlte is formed on 
granites. What causes the dlfference?-- 
The petrographic investigation of Gisoir, 
who worked up the rocks of Abendanon, 
brought out the factor®® that the rocks 
from the Molengraaff Mts. possess consider- 
able quantities of myrmekite, presumably 
originating as the result of pressure, tt’ 
in this we take into consideration that 
cording to Glsolf®^ "it seems to be quits 
definite that the granite bathollth of t,h<‘ 
central range of Central Celebes is not v'h 


95 . L. c ., dl. II, pp. 575 - 590 , and 766-775- 

96 . M. Bauer, Beltr. Geol. Soychellen, etc., N. Jb. Min. etc., £ ( 189 B), 163-219- 

97 . A. Lacroix, Lea laterltea de la Gulnee, Nouv. Arch. Mua. Hist. Nat. 5 , V (1915); PP- 255-356, (Pnrl:. . 
191 ' 0 . 

98 . Abendanon, Geol. en geogr. doorkrulalngen v. Celeboa, III, pp. 1020-1027. 

99- See Abendaon, 1. c . , III, p. 1027 . 
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so far denuded but that the myrmeklte and 
mlcropegmatlte-contalnlng rocks formed In 
the head still remain preserved" while 
Brouwer in his last publication regarding 
Celebes repeatedly calls attention to 
the "mylonetic zone," in which the gran- 
ites etc. referred to, lie. Then there 
are indications that these rocks have been 
disturbed and so are less solid than their 
namesakes from less "agitated" parts of the 
earth. 

However this may be, according to 
Abendanon the rivers coming out of the 
granitic region carry much sand, and are 
not clear. The plains of Leboni, Bada and 
Besoa then must have been lakes filled up 
with detritus principally from granite and 
it is by no means unlikely that other rocks 
have also contributed to this. Referring 
to the latest sketch map of Brouwer, this 
is obvious, especially as regards the 
plains of Bada and Napoe. Also the size of 
the coastal plain in front of Masamba, in 
comparison with the plain which is much 
less developed more to the east, calls 
attention to the probable relation of this 
to the rocks of the Molengraaff mountains 
which rapidly break down into coarse sand. 

The Fennema Mts. give an entirely 
different picture. In these mountains 
according to Brouwer there can be differ- 
entiated: 

a. an easterly zone, with crystalline 
limestones and , calcareous phyllites; 

.... and 

b. a westerly zone, in which calcareous 
rocks are entirely or almost entirely 
lacking. 

According to the descriptions by 
Abendanon and Brouwer, the Fennema Mts. are 
a peneplain which has been elevated more 
i-H the west than in the east. In the east 
near Poso lake it is only about 1,000 m. 
high, while in the west it is about 2,000 
with a number of low peaks reaching 
to as high as perhaps 2,200 m.^^^ While 
the terrain over great areas is only little 


incised, this high plain can be plctui-ed 
as slightly Irregular. It does not rcanind 
one of anything else in the Netherlands 
Indies. The reddish-brown water indicates 
a low pH and hence acid soils presumably 
poor and Infertile. This is in agreement 
with the paucity of the population. In 
the miserable tree vegetation Podocarpus 
and other allied species predominate. On 
the soil is found much Sphagnum in the 
form of the well known cushions. While 
crossing this plateau one gets very wet in 
the weak, sloppy soil, a true, black peat 
bog. Here and there one stumbles upon 
some gravel, snow white small fragements of 
silica. Depending upon the depth, the 
pools and ponds appear dark brown to black. 
In short, --all the earmarks of a peat land- 
scape are present. Brouwer even men- 
tlons ( l. c. , p. 119) "long peat bridges," 
constructed at different places along the 
way. Valuable botanical observations may 
be found in Steup's descriptions ^ of a 
march through the Fennema Mts. All writers 
mention the white rocks which occur in this 
high peat tract, but it doesn^t come into 
the head of the forest officer to say even 
a word about the soil as such. How very 
interesting it would have been if Steup 
had but just dug a pit and had described 
the soil profile at that place about which 
he writes as follows: "Here we travelled, 
as in the Brabant fens, over a springy 
Sphagnum surface, where the water comes up 
into the foot prints. As far as I know, 
high peat formations do not occur very 

frequently in the Indies " 

However, not all the kinds of rocks 
which make up the Fennema Mts. provide 
roper conditions for the existence of 
peat. At another time Abendanon noted at 
about 1,000 m. elevation an "orange colored 
clay, through which was mixed' pieces of 
white quartzite" (p. 396). Later, in re- 
ferring to another locality at a much 
greater elevation, perhaps even 1,800 m. 
he also speaks of "muscovite schist, the 
weathering of which had sometimes gone so 
far that orange colored clay had been 


100. Brouwer, 1. c., p. 126. 

101. On the map of 1919 are indicated summits of around 2,000 - 2,100 - 2,200 - 2,^00 m.; on the reprint 
of 1927 these elevations were not altered. The topography as delineated on this map, however, does 
not seem to agree very well with the descriptions of the landscape. 

l'^2. Abendanon, 1. c . , pp. 39^-606 and again pp. 733-73B. 

^^ 5 . F. K. M. steup, Tectona XXIV (1931), 1122-1150. 
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formed.” (p. 39^ )• Further on toward the 
east he saw a "phylllte, sandy powdery and 
weathered to a light cinnabar red color.” 
(p. 607 ). These observations Indicate that 
the conditions for the formation of peat 
In the tropics are very limited, and that 
with but small changes In the composi- 
tion of the rocks and a few hundred meters 
less elevation there Is a quite rapid 
change Into the zone of yellow to red lixi- 
vium. Simultaneously the dark brownish red 
color of the river water disappears. The 
waters are colorless though of course at 
times they are turbid, being colored by the 
material In suspension. 

Turning now to consider the condi- 
tions to the east of Poso lake, we find 
many rocks softer, so that they weather 
more easily and hence soil formation can 
keep farther ahead of erosion; there Is 
therefore more soil. In this region the 
elevation Is less (about 500 m. Instead of 
between 1,000 and 2,000 m.). There Is much 
rain with many wet months. Therefore an 
abundant opportunity for the formation of 
yellow, brown and red lixivium exists. 

That this is Indeed correct Is confirmed 
by Abendanon's records, as follows: 

a. "blocks of light gray, crystalline 
micaceous limestone ... .and bluish 
gray limestone project up through 
very fertile yellow clay soils. The 
region Is a cogonal one (l.e. cov- 
ered by cogon, Imperata spp.)" (p. 

610); 

b. "serlclte schist, which can be cut 
with a knife ... .more or less com- 
pletely weathered to a yellow and red 
sandy clay which feels greasy to the 
touch," (p. 610); 

c. "mostly a distinctly purple weathered 
talc mica schist, thin bedded, sandy 
powdery, yet with a silky lustre” 

(p. 611); 

d. "low outliers of the surrounding 
hilly land In the plain of the 
Masewe River: light wine-red clay 
soil with dimly purple and blue 
schist and phyllltes” . . . (p . 612), 
purple and rust colored weathered 

(p. 615 ); 


e. a "red weathering clay cover,” up 
through which "purple weathered 
phyllltes” and "heavy light rose and 
yellow clay slates project" (p. 616); 

f. "great blocks of purple brown, hard, 
thick limestone lying on heavy brown 
clay soil.” Finally, when he came 
onto basic. Iron-rich rocks, he found 

g. "weathered serpentine. In coarse 
fragments, colored grayish green and 
brown originating from harzburglte. 
The soli consists of.... dark reddish 
brown laterlte. . . . on a perldotlte 
which Is weak because of holes being 
weathered In It (the result of the 
disappearance of the olivine)...." 

(p. 625). Most probably the "reddish 
brown laterlte" Is what In this book 
I am calling a reddish-brown lixivium 
or red earth. 

Also north of Tentena, Abendanon 
noted that "locally the schist was weath- 
ered to a red heavy clay soil" (p. 682); 
but on a "2 meters high bank” of the Poso 
lake, near Tentena, the transition to sub- 
aqueous weathering was visible, since he 
described this bank as "consisting of or- 
ange and blue clay and sand, a kind of clay 
which naturally originates from the weather- 
ing products of the schists." (p. 699)* 

It Is noteworthy that the Kola 
river, which flows out of the schist region 
with turbid, red water Into the Poso lake 
(p» 699) gave occasion for the following 
remarks: "The calcareous lake water brings 
about a precipitation of Iron hydrates, 
which makes turbid the river water close 
to the lake. I do not believe that It Is too 
risky to try to explain In this manner the 
origin of many of the existing occurrences 
of llmonlte, from which the natives in 
Central Celebes outside of the perldodlte 
mountains make their Iron tools” (p* 705 )• 
These remarks recall what he had previously 
written (p. 6OO and 601): "Bangga village 

had a small Iron smelter Also at 

Sapelemba there was a small Iron furnace. 
According to the reports, the brown and 
yellow swamp Iron ore used there was being 
brought from the Wallane district to the 
south of Sapelemba. Presumably Wallane 


104. Whether these changes in composition eire actually so small as one might presume from the petro- 
graphic descriptions alone is still very much a question; particularly since there are absolute- 
ly no analyses of any of these rocks. 
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is also "in a de[)resslon, where an old 
lake had been” (Abendanon- had previously 
Been speak Inp, of the flat basin of Rato 
(p]). 597-bOy) which must have been a lake) 
In the light of the general discus- 
sions in Part I above, the otiserved f/tcts 
a s he re re c o rd e d c an be e x p 1 a 1 n e ci w i t ! i o u t 
difiloulty as a conso'quence of l.he altera- 
tion of the pH from lower than 1, to iiigher 
than 6, perhaps even to well above 'f . 

From tiie descriptions by Ahendanon 
a few more examples n]j’'ht be mentioned 
iiore: To the north of Palopjio lie contlnu'-d 
Ills way "over a gray sandy soil, wliich was 
a weathering soil of granite- or traci.yte” 
but "the soli began to be red and sa.ndy 
clayey” and "already iioavier arl more 
c 1 ay e y w lie re d i s s o e t e d 1) a s a 1. ' . v; a ; re ? c C) ; - - 

rvized as the solid ruck The Iwsd of 

tue Polambaja river v;as fliied wion large 
blocks of' diabase. Even ^.ii’s very hard 
rock weathered tci a vc'ry heavy clu " '7 . 
cVt). Wlietiier as would be su; ;; used, tuis 
soil also was red, is no!, stated. The 
soils derived from basal* and di ai s na 
a i'ioavier forest, cc'vei* tlian t:a.' oc new so 
on either side of tnei-i. As Ater.dano:; sa 
"liore we see how closely the nature of f 
forest is connected wit:'; ih;^ occiii'reii'g; 

’ definite sort of rock.” \ . . t'a j . 'iad 
Is a fact, with wiilci. foresters iiave long 
been familiar. 

Dacite tuff froi;'. tile R';rawa!.a mo' 
tains appears to te cov^wed over v!. in a 
bri('k-red wea,t,lir; red clay v] . t'-d i . I-; 

siiort, --in :S far as anylhilia' has bt.-i-i; re 
corded it ap-'ears tnat a; most all ]a"cks o*' 
Central Celebes, no matter ii-t’W wid* iy tii-y j 
oay differ in their nature and comnos ' t 1 on. 
seem to be covered by ];ract 1 cally ine ^;ag!o 
weathering soli, varyiip’ free ;g‘ltew t.e re:d 
and brownish red, a soil whlci, in gei'era: 

We can charact.erize as a sul'aeria] llxlvi- 
an, inure or loss sandy, and in agt; from 
r 0 1 a 1 1 v o 1 y j u v e n i I o t. c ^ s < u i ! 1 1 ' . 

Several limes Abondai'ion liad ig.'* od 
(t hBtd, Tbo, T','2, .and oOO) tiia* t.'aa 
'hgjier he went., the more liumus tu' saw in 
’to surface soil. This Is exactly wiiai we 
^'euld expect. 

If we now ask whet lie r t.here aia.' not 

• r. Mnd F. SnrMsin, Heise’'. lu C^-hdut;, 11 (lb> 1 , 
th'. I£em, p. 17. 

h- F. K, M. Stoup, Poleritcl . Tci'loua XXJl 
^ L. c . , p. 089 . 
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some other types of weathering to he ob- 
so-rvod, the answer is that t.ho climate 
affords little or no opportunity .for otner 
kinds of weathering. Tn Paloe, at least 
close to the town of this name, a priori one 
mlgiit exnoct black earth. It should be 
considered that the Paloe plain has only 
relatively recently been uplifted and that 
a large i opt. ion of tlio plain has been cov- 
ered with sand and gravel, which has come 
down In recent, times from the surrounding 
isountains an.] is s' read out at *:heir feet 
in sizeable rubbish fans ruining a large 
T:rotortlon of the paddy fields. Therefore 
tiiore is no*, very much space left where we 
could expect to find even moderately well- 
deveioicd biat^k earth. 

However, It seems to /.e there is a 
reasonable chance that some may be found. 
Didn't the Sar.asins write In their diary 
about herds of sheer, which at sunset 
hurried to t.ne village, and from the flock 
:: uci: lust rose into the air, "on the dry, 
gra.; ste;pe--an almost African ..Icture?" 

Tnus ;*ray is t!u: f'.ior, or gra;; ish. --Just 
a little fartiier on they write about a riace 
already sout:': of Dole, wtiere looking out 
toward the nortii, the valley appeared like 
: 1 c t r e o ! a 1 a t ‘g e o r c :ia r d or y a rk . 

T ! ; igj a r k i a n d s c ap e Is well known 
fr‘(-m: its frequent nccur'rence along tlie 
nc^'toorn coasts of the Smaller Soenda 
Islands w:.''m'’e its soil Is always a black 
earth gr-ay earth. The photographs which 
b'eu; ,'' t;ie forest.er, lias published in 
mis . aper Ifvcted especially to tuie plant 
geugrai hy of : n-' Paloe valley, isakes one 
tnir k a: once of such a i ark landecape, al- 
tinsugi; re dot-s not say a word about the 
ci'lor of th'^ soil. The closest :ie comes to 
it is where ne sp^uiks of it as "hard, bare 
g, round." He only records the words of 
Bruinier wfio reported a "very stony 

t.erraiip, vlt'n a growth of cogon ( Imperata 
sp^.), blackish ground, also a little scrub 

” Here- t'or the first, time we find 

t it t ; w 0 i^d b' 1 : 1 - 0 it i i s n ) US it d b y an e e wit- 
ness. Closer Inquiry to confirm or contra- 
dict ic'is description is indeed very neces- 
s ary , s o t Inal 1 1 c an bei de t, e rm I r.e d , w^he tit e r 
t!;e water movement. Is intermittently 


-I'e-- Or . 
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downward, or moving alternatlngly downward 
and upward. It I3 of course recognized 
that the nature of the water movement de- 
termines the nature of the whole weather- 
ing process. 

Regarding subaqueous forms of 
weathering, a few things of one sort and 
another have already been mentioned inci- 
dentally. Subaqueously weathered soils 
obviously occur in the mountain basins 
and existing lakes, for example south of 
Poso lake and Pendolo, whe^^e Abendanon 
(p. 608) came across "heavy clay." More 
easterly, at the village of Lee, he crossed 
"acogon ( imperata sp.) plain with black 
humus soil in which were sm.all white silica 
stones" (p. 6 l 4 ). This last can be an in- 
dication of the leaching out of the iron 
under previous marsh conditions. 

That amphibian forms of weathering 
must be found in a number of places is ob- 
vious. Examples of lake plains that have 
become dry are Lebonl, Rampi, Bada, Besoa, 
Napoe, Glmpoe, Lemo, Rato and Wahane. 

Others occur between Pendolo and Kolono- 
dale. Finally the large coastal plain 
around the gulf of Boni, which at Masamba 
is fully 3b km. broad, should be remem- 
bered. 

There is also the terrain of 11*0 
allochthonous soil types. In the west 
there is the low Masamba plain, a large 
part of which has been formed from detri- 
tus which has been carried out from the 
granite and diorite region lying back of 
it. In the center, detritus from the 
schists of the Fennerna mountains and of 
the Tamboke mountains which lie more to 
the south has been deposited. In the oast 
in the plain of Wotoe there is also schist- 
ose material. In the east much weathered 
material has been deposited which was de- 
rived from serpentine and peridot Ite and 
the lime and marl which overlie these. 

It is true that quantitatively and 
qualitatively this coastal plain exhibits 


great differences between Paloppo and 
Maim. The granl.tes of the Molengraaff 
Mts. (see above, pp. 330 , 333) disintegrate 
very easily. They thus supply the most 
rock detritus and weathering material. Via 
the Rongkong, the Masamba, the Baliasse and 
the Lampoeawa rivers this material has been 
transported and dexoslted in great quanti- 
ties to build up the broadest part of the 
coastal- plain. Consequently the soil con- 
sists of alternating layers of gravel, 
stone, sand, loam and clay. In general 
the color Is pale, with a somewhat reddish 
brown tint. The soils which occupy con- 
tinuously dry positions are redder, while 
the lowest parts are i-9.1er, though some 
darker soils with a higher humus content do 
occur. 

In general it may be accepted that, 
the soils are on the sandy side. In the 
north, in the vicinity of Masamba, quartz 
sand makes uj- a large part of the soil, 
although mica always occurs In it. The 
heavier types are not more than loam and 
heavy loam, since the content of quartz 
flour and small flakes of mica is too high 
for a clay soil to occur. An example ol* 
such a soil is found in the repeatedly men- 
tioned publication of Van Harreveld-Lakc 
and Arrhenius where they report the 
mechanical (granular) analysis of a "llglit 
clay collected in the forest near Patlman,.-, 
about 27 km. south from Masamba." The fig- 
ures are given in Table 77 below. 

More properly we should call sucii 
a soil as this, of which 3A Ilea between 
100 and p mu, a light fine sandy loam s(dl , 
and not a clay (although for a brick maner 
this material would certn-’nly be an ideal 
"clayl"). Also other samples In the above- 
mentioned publication (on page 824) arc 
designated as "clay," a term which gives 
an impression different from what the 
textures really are. Since all samid-es 
possess a high content of fine sand and 
coarse sands, as well as of mica scales, 


Table 77 


No. 

2-1 

mm. 

1-1/2 

min. 

1 / 2 - 1/5 

mm. 

ih-iliQ 

mm. 

1/10-1/20 

mm. 

00-2(’‘ 

mu 

20-0 

mu 

0-2 

mu 

2-1/2 

mu 

Lfjss th':''- 
1/2 mu 

2968 

0 

0 


2i 

ski, 

33 ^ 

lajt 

v 4 


':4> 


109 . Meded. Proefst. J. S. I., No. I 8 , Arch. Sulk. Ind. Nad. -Indio (19^7); PP. 820-82^. 
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It would seem more appropriate to designate 
them as light to moderately light loams, 
more or less sandy. 

Farther to the east, in the so- 
called plain of Wotoe, though there is 
quite a good deal of quartz In the form of 
coarse sand, besides some mica, there is 
less sand in the soil. This is what one 
would expect of material coming from moun- 
tains in which phyllites and mica schists 
are the most Important rocks. In the me- 
chanical analysis this results In a shov- 
ing of the maximum one fraction toward the 
fine sizes; that is, from sand and sandy 
loam to fine sandy loam, from lighter loam 
to heavier loam, from heavy loam to clay. 
Even here and there to peaty clay. 

All these sorts of soil have the 
'common characteristic that wlien t'ney are 
moistened with rain or by flooding tliey 
rapidly become saturated wltli water, and 
then become easily movable. On a vo-id 
across a loam of this kind every vehicle 
sinks in to the axle, each footstep be- 
comes a sopoing wet pit. On the otlior 
hand after one or two dry days tills loam is 
again solid, so that the road once more? be- 
comes passable and practicable for use. 

The closer, however, the soil comes to be- 
ing a real clay, the less disintegrating 
Is the effect of a moistening, but also 
after the clay Is once wet the longer the 
effect lasts before the soil again becomes 
really dry, and r/ractlcally passable. 

The most easterly part of tlie 
plain, composed of material from very basic 
rocks is better considered In connection 
with the discussion of these rocks and 
their weathering (see pages p^ 9 -,^ll). 


Evaluation and Utiliz ation 
of the Soils 

Since there is not only a lack of 
'idequate data, but also as far as Is known, 
there I3 little variation in the soil, the 
treatment of this topic can bo relatively 
brief. 

The greatest part of Central Ce- 
lebes is still heavily forested; though in 
the course of kaingln agriculture consid- 
erable portions have been cleared. As is 

c . , p. 387. 

Ul. L. Q ., p. 578. 
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usual such treatment, followed by repeai:ed 
burning, has transformed the cleared areas 
Into cogonals. 

A relatively small portion of the 
land has been laid out as lowland rice 
fields. Various factors may be noted as 
seeming to have determined where these 
paddles are located. In the first ilace 
they were located on the plains which wore 
formerly lakes or ponds, and in the second 
{-lace the coastal plains were used. 

Abendanon recorded^ that the in- 
habitants 0:’ Lebonl "were busy with maize 
-iantlng In the gardens lying round about. 
Rice was cultivated only very seldom and 
yet, tliC . lateau of Leboni would make first 
rat,o rice land.'' This opinion seems to me 
to be hardly correct. It is i;;ore likely 
that rice was once tried there but was not 
successful. "The Leboni river carries off 
much granitic sand into the plain" says 
Abendanon. S\icri sand is indeed a danger 
for r addy fields. Moreover, if there were 
paddles there, how could they hold water on 
tnis sandy soil where water sinks away so 
ran idly? While the water capacity is per- 
na s adequate for maize, yet rice, even up- 
land rice, needs , .:re water. Presumably at 
Leboni there is the same danger, also, as 
in the wide 'Lain of Masamba, which is built 
ui of the same sort of material. Also there 
is th(? uricertiiinty of a regular, abundant 
water supply, and if, even with canals, ade- 
quate water wore obtained from the rivers, 
then there Is ere at danger that the rice 
fields will be quickly burled under sand. 
Abendanon considered this plain of Masamba 
very ir.jmlsing, for he said "it could be 
made Into the '•Ice barn of Central 
Celcd'es . " ^ ^ ^ It Is still very much of a 
question as to wliether or not this ooti- 
m.istlc expectation can be realized so 
slim Ly. At i^resent, , fO years later, this 
{lain Is for the greater part still well 
forested, an abode of dellglit for count- 
less wild carabao. It Is true that there 
are a few ] addy -fields , but their extent 
1 3 q u 1 1 e 1 1 m 1 1. e d . J u s t o t>ie soul vest 
of the Rongkong river lies some land which 
is built up of weathering m.aterial from 
other rocks than granites, that Is from 
diabase, basalt andesite, and daclt(^. The 
soil, because of better water capacity, is 
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suited to the cultivation of upland rice 
and bananas which find a ready sale at 
Paloppo. 

In the schist region of the Fennema 

1 1 2 

Mts., Abendanon traversed the Rato basin 
which lies at about 1,000 m. above the sea. 
He reported a "very heavy and moist, prac- 
tically horizontal clay soil.... the valley 
floor was entirely occupied by paddles.*' 
These rice fields will presumably not pro- 
duce any bumper harvests, for It is not 
likely that the schists are rich enough. 

In the coastal plain built up of schistose 
material, near Wotoe, from the Lampoeawa 
river to the Kalaena river, according to 
analyses by Van Harreveld-Lako and Arrhe- 
nlus^^^ "the phosphorus content Is low." 
That Is an Important factor for rice. The 
last mentioned workers also state: "The 
Wotoe plain Is more sparsely populated 
than the Masamba plain, and a large part of 
It is covered with tropical high forest. 
Paddles are practically non-existent though 
there are kalngins in the neighborhood of 
the widely-scattered villages . "--No longer 
can such a statement occasion surprise. 

The soil Is apparently poor, although It 
is perhaps physically better suited for 
paddy than that which lies more to the west 
in the Masamba plain. 

In the Poso valley, between Poso 
and Tentena, lowland rice (paddy) cultiva- 
tion is possible everywhere. This Is also 
true of the flat lands north and south of 
Poso lake. Thus far we have had no luck In 
finding any data regarding yields which 
would Indicate something about the fer- 
tility. 

In the tract between Poso lake and 
Kolonodale there also appear to be quite a 
few paddles, but in the northeastern cor- 
ner of Central Celebes there are only kaln- 
gins. 

The history of Paloe Is Interest- 
ing. During the time of Rumphius the en- 
tire valley was nothing but paddles. Ap- 
parently the slopes of the mountains to the 
east and west were not then deforested to 
such an extent as they are today. This 
deforestation has been completed during the 


last century (see Pig. 154) with the conse- 
quence that when spates occurred in the river? 
the land was covered over with sand and grav' 
el, so that now between times of high water 
there Is either no water flowing in the 
rivers, or else all the water rapidly sinks 
Into the sand and gravel, to again appear 
at the surface close to the sea. Also far- 
ther north of Tawaell there is adequate 
moisture In the soli to make possible a 
decent growth of vegetation over the entire 
plain from the sea to the mountain ridge, 
which may be thought of as the spinal col- 
umn of the neck of Celebes. But northeast, 
east, and south from Paloe "behind the 
coastal strip of partly white coral sand, 
part dark sand and gravel, there lies black 
or yellow clay upon a deeper layer of sand 
and gravel. There Is no lowland rice 
cultivation In this valley. Only after the 
mountain slopes are again reforested and, 
consequently, the freshets controlled, will 
there be any sense In trying to extend the 
paddles . ^ 

As to the possibilities for planta - 
tion crops In Central Celebes, not many ex- 
periments have yet been carried out. A 
coffee plantation which was started behind 
Madjene, thus really in the remote south- 
western corner, was, after a short time, 
abandoned. North from Wotoe a few years 
ago a coco plantation led a very problemat- 
ical existence. In the good years before 
the crisis a large company had explored the 
coastal plain along the gulf of Bonl but in 
spite of the explorations It did not dare to 
establish new enterprises. Even If the 
golden years of olden times came back, we 
would still be unable to point out in this 
part of Celebes any lands suitable for 
European plantations. 

Let us now consider the tropical 
high forest. For years It has supplied 
much rattan and dammar. Now there Is so 
little profit in that business that the 
exploitation has been very much reduced, 
which is certainly all to the good for the 
natural regeneration of the dammar trees 
and of the rattan. Until recently, ebony 
was also obtained, especially in the Poso 


112. L. c ., pp. 597-599. 

115. L. c ., pp. 822-825. 

lit. Note on the occasion of giving over charge, by Controller C. H. tor Laag (July, 1920), p. 6. 
115. Cf. also: Steup, Toctona XXII (1929), PP. 587-590. 
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subdivision.^^® The mention of ebony 
arouses involuntarily the following asso- 
ciation of Ideas: hard wood--slow growth-- 
on poor soil, which Is certainly true for 
the forests where it occurs. 

Central Celebes Is sparsely popu- 
lated. Is this the case because It Is a 
"forgotten corner?"--or because this re- 
gion Is not able to support more people? 

The latter is true In various parts of 
the earth, even In many parts of Europe. 
Where the soil does not yield a good 
enough living, the density of the popula- 
tion Is low.^^"^ Lucky that elsewhere Cele- 
bes offers so much more opportunity for 
development 1 

4. The East-Northeastern Peninsula of 
Celebes . 

Soil-Forming Rocks 

Prom various geological Investiga- 
tions^^® we already have some material to 
give us a proper orientation regarding al- 
most all the coastal regions and of the 
entire easterly part of the peninsula here 
referred to, but regarding the Interior of 
the broad westerly part we, as yet, know 
practically nothing. However, from what 
we already know it appears that there is 
quite a great deal of variety in the par- 
ent rocks from which the soils have de- 
veloped. 

Over great areas occur igneous 
rocks, especially basic ones, diabases, 
gabbros, peridot Ites. Also diabase tuffs 
occur In the hinterland of Boealemo. In 
addition to these, but in only a couple 
of places, near the center of the northern 
ooast, are crystalline schists. In the 
eastern part, as In the central mountain 
ridge, and at a number of places along the 
coast, there are also older, especially 
Tertiary, sedimentary rocks such as 


sandstones and conglomerates, marls and 
limestones. In these, however, there is 
also some eruptive material, so that one 
can many times speak of tuffs and tufface- 
ous marls and sandstones, mentioning par- 
ticularly the so-called "Celebes-Molasse . " 
Great portions of the eastern half of the 
coast consist of upraised young coral reefs. 

But as far as Is known, young vol- 
canic formations, such as In Mlnahasa, are 
entirely lacking here. 

Thus far In the literature I have 
found no analyses of the rocks. 


Climate 

Through direct observation and pub- 
lication of the results there is still but 
little known about the climate. There are 
only 5 stations measuring rainfall--Tobe- 
lombang on the north coast, and Loewoek 
and Tokala on the south coast. At these 
three points the rainfall Is so divergent 
that any general conclusions, applicable 
to any large portions of the peninsula, 
ought not to be deduced from them. Note 
that with an annual average of 1,3^1 mm. 
(during 12 years), Tobelombang has a lowest 
monthly average of 72 mm. contrasted with a 
maximum monthly average of 175 mm. On the 
average, the soil climate will thus be con- 
tinuously wet. Loewoek, on the contrary, 
with an annual average of only 922 ram. 
(during 21 years), has 5 monthly averages 
under 60 mm., thus with a distinct dry 
season. Yet it has but 5 monthly averages 
above 100 mm. and with a maximum average of 
only 122 mm. This locall1i8^ lies in the 
rain shadow of Pellng. On the other hand 
Tokala, also lying on the south coast, but 
not in the rain shadow of Pellng, seems to 
receive quite a good deal more rain than 
Loewoek. (The observations at Tokala at 
j most run only for a short time and are far 
I from complete.) In 1929, for example. 


116. See r. K. M. Steup, Bosechen van Noord-en Midden Celebes, Tectona XXIII (l930), PP- 857 - 873 . 

117 . It la obvlouB that mining, manufacturing and commerce can blur that picture, obscure it, or even 
reveree It. The places vhere It applies are In agricultural production; and the density of the 

population on the land. Examples: Norway, Scotland, the plateau of Spain. 

118. M. Koperherg, Bouvst. Geol. Resld. Manado, Jb. Mljnw. (1928), Verb. II, pp. I.I 8 -UI. 6 ; I. Wanner, 

Beltr. Qeol. O-anns d. I. Celebes N.'Jahrb. f. Min. etc.. Bell. Bd. mx (1919), PP- '^59-77 , 
referonoes to authors In: Ite Kolon. Vac. curs. v. geografen (tost. 192J); W. C. B. 

Vbrk. tooht 0-arm Celebes, Jb. Mljn,.. (1929), Verb., pp. 187-228; H. A. Brouwer, Ceol. <k.derx. elland 

Celebes, Verb. Qeol. Mljnb. Qon., Geol. Ser. X (193**), PP* 39-218. 
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about 4,000 mm. rain fell at Tokala as 
contrasted with only 6l7 mm. at Loewoek. 

In this latter place In all of the year 
1930 but 334 mm. fell.^^^ Thus in these 
regions, from year to year and from place 
to place, there are enormous differences in 
the rainfall. As to the Interior nothing 
positive is known, so that it Is possible 
that on one side there are places with 
continuously wet soils In contrast to 
places on the other side, (for example val- 
leys extending northwest and southeast) 
where regularly annual drying out of the 
soli can occur. 


Ways In Vhlch Weathering Occurs 
and Resulting Soil Types 

There Is little tangible knowledge 
regarding the rocks and the climate, but 
still less can definitely be said about 
the soli types. 

Southeast from Oee Koell, that Is 
on the northern coast of the western part 
of the peninsula now under discussion, 
serpentine schist occurs. Koperberg^^*^ ' In 
discussing It, says: "This schistose ma- 
terial Is the predominant rock. It Is 
mostly thoroughly weathered and of an 
orange brown color. This Is also the pre- 
vailing soil "color." And speaking of the 
mountainous land, which lies northeastwards 
along the coast he states, "The Oee Rate 
massif as well as Mt. Klnajombl are similar 
and have a somber brown color like Mt. 
Pangkanka and the other mountains of the 
coastal series of Banano and Oee Dele. 

These must all be; perldotlte . "--As far as 
I can learn these are the only two places 
In the exhaustive treatise of Koperberg, 

In which anything Is said about the soil. 

It Is to be expected that on these 
ultra-basic rocks very rich In iron, the 
color of the weathering soil should be of 
a brownish color. If the process Is being 
effected by oxygen-containing water It 
makes little difference whether the weath- 
ering type Is one of continuous leaching, 
or of Intermittent leaching. Because of 
the high iron content, the weathering mass 
In each stage remains quite porous for both 


water and air, so that Ca, Mg and SI can 
be washed out more or less rapidly. The 
Iron oxyhydrate with accessory substances 
such as aluminum oxide, titanic acid, man- 
ganese peroxide and perhaps still other 
metallic oxides remain behind. Hence, such 
a soil when It becomes senile, must. In- 
deed become quite poor and as a consequence 
carry only a very miserable vegetation, 
especially when the soil climate Is such 
that the soil remains continuously wet, or* 
at least moist. If, however, the climate 
Is such that each year dry winds can blow 
dust onto the soli, for example from re- 
gions with weathering marls and limestones, 
then while there will hardly be a luxuriant 
vegetation, the soli can carry a closed 
forest. However, If that forest Is "kalh- 
glned off," then the chances of recuperation 
are very small. 

It Is to be regretted that there is 
not a single travel narrative by a soil 
scientist travelling through the strip 
along the southeastern coast of this penin- 
sula from Kolonodale to Loewoek. In the 
work of Koolhoven, the geologist, to which 
we have referred, there Is not even the 
slightest reference to the soli. Yet, be- 
cause of the great diversity not only of 
the parent rocks but also of the climate 
In that region there must certainly be 
very clear soil differences to be observed. 
Hence, if hypotheses be in order, we mlgiit 
mention the following: In the plain of 
Morowall-Tokala, which presumably is 
mostly covered with tropical high forest,, 
we could expect to find an Iron concretion 
formation developed on a big scale at the 
boundary between the layers which are al- 
ways adequately aerated and those which 
always lie under water and are thus de- 
prived of air. Higher up, reddish brown 
lixivium would occur while toward the sen, 
fat greenish gray clay would be found. 

In the plain of Toell one would 
expect loam, varying from heavy to light 
(more sandy) and of greater fertility. 

The natural vegetation would be tropical 
high forest. 

On the probably barren or poorly 
forested hilly land back of Loewoek a griy- 
Ish brown to grayish black granular eurlu 


119. Such a minimum, with 11 "arid" months 1b certainly Bomethlng very unueixal In the Nethe 'IqiuIb 

120. L. c ., p. 1^24. 

121. L. c ., p. 428. 
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may be expected, which will be quite thin 
on the ridges, but where It has accumulated 
by washing or blowing In, depressions will 
generally be of great fertility, If there 
Is sufficient water. 

These are all only deductions or 
suppositions, which, at most, can serve as 
a goad for closer Investigation. Since In 
the enthusiasm for new land for coloniza- 
tion on New Guinea, exploration has con- 
tinued, It seems to me that there Is good 
reason for closely examining regions lying 
nearer at hand, such as this portion of 
Celebes which Is so thinly populated. For 
soil exploration, especially the coastal 
portion between Rata and Loewoek, as well 
as the northern coast of the Boealemo pen- 
insula should first be considered, since 
the sb-called ’’Celebes -molasse” is an Im- 
portant parent rock. And according to 
Koolhoven, In addition to marls and 
limestones also conglomerates, breccias, 
and tuff sandstones occur with gabbro, dia- 
base, and andesitic material. 

Evaluation and Utilization 
of the Soils 

Practically the only two experi- 
ments In utilization of the soli in the 
northeastern peninsula are the kalngin 
cultivation In the Interior and the coconut 
culture along the coast. It is not known 
whether or not It was because of the soil 
that the site was selected. But In 
Kruyt's^^^ description of the natives of 
To Wana, nothing can be found which refers 
to the fertility of the soil in the large 
drainage basin of the Bongka river, though 
very much attention Is devoted to the very 
complex relations supposed to be existing 
between these people and their spirit 
world. We who are more Interested in the 
natural science point of view, find almost 
no point of contact, and are apt to get the 
impression that the natives referred to do 
not make even the slightest differentiation 
between good and poor land. Such an Impres- 
sion, however, would be quite erroneous, 

122 . L. 0 ., pp. 199 and 208. 

123. Alb. C. Ifruyt, De To Wana op Oost-Celebee, T. v 

124. w. Dlockmann and W. M. Julius, Algem. geol. in 
PP* 11-63 (with maps ), 

125. W. C. B. Koolhoven, Gool. v/h Malillterroln, Jb 


because it Is In general always true that 
primitive jungle folk are more discerning 
In this respect than one Is Inclined to 
suppose. But meanwhile, we have learned 
nothing about the soils used by the To Wana. 

It Is noteworthy that these To Wana 
folk are disinclined to live In villages. 
They prefer to live In their little huts In 
the kalnglns and are thus obliged to change 
their abode with each shifting of their 
kalf^lns. There must be a reason for this. 
If the area, which In the course of Its 
existence a family needs. Is so great that 
It is not available around one village, 
where many families are living together. It 
would seem to indicate that the soli Is 
quite poor. Or It may be that the dally 
care In the field to combat the diseases 
and pests Is of such a nature that It Is 
Impossible to live at a distance. However 
It may be, --It Is to be hoped that persons 
who know land and folk well will throw some 
light upon this question. 

Regarding the yield of the kalnglns, 
or of the planted cocos, we have been un- 
able to find anything. 

In economically favorable times the 
natives collect rattan, dammar, and ebony 
wood from the forests. But It has appar- 
ently not been recorded in which localities 
the rattan, dammar and ebony trees grow by 
preference, and In larger numbers. 


p. The Peninsula of Southeastern Celebes 

In relation to Central Celebes, 
which we discussed on pages 550-540, we here 
consider the peninsula extending out toward 
the southeast, as well as Moena, Boeton, 
Wowoni’l and Kabaena, the Islands which In 
various respects constitute a unit with 
the southeastern peninsula. 


Soil-Forming Rocks 

Making use of the geological sketch 
map of Dleckmann and Julius supplemented 
and Improved by Koolhoven^^^ In so far as 

. Ind. T. L. en V. k., 70 (1930), PP* 397-626. 
ertsafz. v. ZO-Celebes, Jb. Mljnw. (1924), Verb., 

. Mljnw. (1950), Verb. Ill, pp. 127-133 (wltbmap). 
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Photo by E, C. Abendanon 

Flf/. 135 • Southeastern Celebes. Vorbeek Mts. seen across lake Matanl, 
on the shores of which Is a ve.'i^otatlon of poor grasses on laterite 
alluvium. On the distant mountains of perldotito aru lateritic iron 
and nickel ores. 


it relates to the Malili terrain, and by 

for the portion dealing with the 
southern part of, the peninsula referred to, 
besides the Islands mentioned above, we 
can give the following short survey: 

In the north, the Verbeek Mts. are 
lai-gely made up of very basic erupt Ives, 
different varieties of peridot it ic rocks, 
with olivine and rhombic or monoclinic py- 
roxene as the principal minerals. 

In that part of the main Island of 
Celebes to the south of Verbeek Mts. crys- 
talline schists appear at the surface es- 
pecially in the south western portion. In 
the northeastern portion, and southeast of 
there, are paleogenlc limestones, marl 
shales, claystones, etc. as well as great 
quantities of perldotites. 

In the southern part, on Moena and 
Boeton there are many Neogene sajidstones, 
marls, and clay shales. The farther south 
one goes, the more young coral limestone 


occurs. This is true of the mainland both 
in the southwest, as well as in the south- 
east, and there is much of this coral for- 
mation on Moena. There is somewhat less on 
Boeton, with much on Wowonl*! but almost 
none on Kabaena. 

On the surface, Moena exhibits al- 
most no basic eruptives or old schists. 
Boeton has a few places where peridotlte 
appears at the surface and there is a llttl 
schist in the north. On Wowoni*! there Is 
a central core of peridotlte, around it 
some schists, and further out Neogene and 
coral limestone. On the contrary, more 
than half of Kabaena consists of basic 
eruptives, while in the center of the north 
ern half are some schists. 

For soil formation the principal 
rocks are thus the perldotites, the crystal 
line schists, and the sedimentary rcxcks, 
beginning with Mesozoic limestone, etc., 
and ending In Tertiary and Quaternary 


126. A. Chr. D. Bothe, Vorrl. meded. betr. geol. v. ZO-Celebee, De Mljnlng., ^ (Juni 192?) j PP* 97-1^3 
(with map). 

127. Compare: L. Rutten, Voordr, geol. N. 0. I. (1927), pp. 552-568, (small map: p. 559) • 
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conglomerates, sandstones, and clays. In 
addition to these, the reef lime of the 
elevated corals along the coast Is of Im- 
portance . 

Climate 

In his exhaustive work regarding 
"the climate of the Netherlands Indies" 
Braak, In speaking of southeastern 
Celebes, says only that Kendarl ought to 
have an agreeable climate, and that in the 
Konawl plain which lies behind Kendarl, a 
high temperature prevails during the day 
In the dry season while It cools off con- 
siderably In the latter part of the night. 
For that matter, one could have deduced as 
much from general data. It Is, however, 
quite In order to mention how scarce the 
local data sometimes are, both those re- 
lating to the climate as well as those re- 
lating to the soli. 

Thus there Is little else to be 
done than to make deductions. The Verbeek 
Mts. are a continuation of those of Central 
Celebes. They should certainly have some 
sort of an equatorial climate with seldom 
or never any dry months . The fact that the 
land gradually slopes up toward the center 
where there are a couple of large lakes 
would favor this type of climate. The 
rains are almost always abundant j as the 
land Is continuously exposed both toward 
the west monsoon and the east monsoon, yet 
there are no extraordinarily high rainfall 
figures . 

The farther south one goes, the 
greater the opportunity for dry months 
during the east monsoon, especially on the 
lee side of the mountains. This region 
begins around Kendarl, and lies especially 
to the south of Staring bay, around Tloro 
Strait and along Boeton Strait. Table 
page 546, drawn up In the usual manner will 
tllustrate these few comments. 

As to the effect of elevation. It 
fnay be mentioned that since the Verbeek 
Wta. are not higher than 1,400 m., the 
^Umate remains "warm," the temperature 
falling enough to cause "temperate," 
conditions. In from the west coast, in 
bbe schist mountains, there are a couple 
peaks of 2,200 and 2,900 m. There the 


2111 

climate can be not only "temperate" but 
even cold." Also on Kabaena Is a peak 
higher than 1,500 m., but as the area at 
this elevation Is very small the amount of 
land which has a "cold" climate Is quite 
Insignificant. Not much of the rest of. 
the land Is higher than 1,000 m., while 
neither on Moena, nor on Boeton or Vowoenl*x 
Islands, Is there any elevation as much as 
this. As a consequence, soil temperatures 
below 20° C are too Infrequent to be taken 
Into consideration hevR, 


Ways In Vhlch Veatherlng Occurs 
and Soil Types 

Without doubt the most Interesting 
weathering In this region Is that of the 
ultrabaslc perldotltes. And for two reas- 
ons: On the one hand, because these rocks 
have given rise to the formation of enor- 
mous quantities of Iron ores containing 
nickel and chromium; and on the other hand, 
because here we have rocks which, because 
of their mineral composition, upon weather- 
ing produce practically no kaolin; that Is, 
If the general considerations about the 
weathering developed In the first part of 
this book are correct. Meanwhile the 
possibility of the great economic value of 
the ores has been responsible for a number 
of Investigations, followed by analyses, so 
that we are able to present the following 
relatively detailed discussion of the 
weathering phenomena of this reglcn. 

Under these perldotltes of the 
Verbeek mountains there are (l) dunlte, 
consisting largely of olivine; (2) harzbur- 
glte, built up especially from olivine and 
rhombic pyroxene; and (5) Iherzollte, In 
which besides the minerals mentioned, 
there Is also monocllnal pyroxene. One 
or the other of these extends over the 
serpentine that often times accompanies 
the perldotlte. 

In the absence of feldspars and 
micas we are thus dealing principally with 
the weathering of olivine and pyroxenes. 

Of the accessory minerals besides magne- 
tite, chromite and plcotlte might be named. 
In the subaerial weathering all three of 
these minerals are unattacked and remain 
behind as unaltered crystalline grains In 


C. Braak, dl. II, Locale KLlmatologle (Batavia, 1929), p. 455. 
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DISTOIBUnOlt OF RACTFALL tUffilNG THB 7M IH SOUTHKASTKRlf ClUffigS AND SURROUHDIHG LOCALITIES^- 


station 


novation 

above the 

sea 

In m. 

Ifuinber of 
j^are of 
observa- 
tions 

Rainy 

days 

per 

year 

. 

Jan. 

Teb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oot. 

Nov. 

Dec. 

Rainfall 
per year 

In iDOi. 

Humid 

(wet) 

months 

m 


Soroako 

400 

13 

177 

251 

226 

339 

346 

287 

240 

201 

168 

106 

91 

182 

230 

2666 

II 

0 

Terbaok 

Tlnampoe 

300 

11' 

167 

234 

189 

337 

398 

281 

258 

212 

199 

133 

127 

220 

223 

2811 

12 

0 

Mts. 

Larona 

500 

12 

— 

326 

265 

389 

419 

297 

249 

193 

146 

134 

95 

209 

223 

2945 

1 1 

0 


Seseh 

273 

11 

191 

277 

282 

366 

275 

221 

218 

151 

116 

113 

79 

186 

205 

2490 

II 

0 


Mallll 

5 

22 

I65 

279 

280 

334 

346 

295 

215 

178 

155 

117 

129 

202 

241 

2771 

12 

0 

Vest 

Kblaka 

at sea 

24 

139 

192 

218 

249 

226 

254 

183 

129 

95 

92 

135 

156 

156 

2085 

10 

0 

Coast 

Moveve 

level 

224 

11 

158 

192 ! 

184 

194 

229 ! 

233 

171 

IIS 

63 

75 

82 

128 

91 

1755 

8 

0 


Raterate 

280 

9 

120 

162 

123 

227 

186 ! 

1 

206 

245 

117 

87 

69 

61 

95 

118 

I7O6 

8 

0 


Boengkoe 

at sea 

14 

135 

206 

172 

251 

277 

251 

241 

182 

156 

96 

84 

118 

160 

2194 

10 

0 

last 

Coast 

Salaban^ka 

level 

14 

129 

221 

256 

257 

277 

328 

389 

251 

174 ! 

88 

95 

97 

183 

2614 

9 

u 


lendarl 

10 

22 

118 

201 

192 

201 

179 

199 

170 

116 

69 1 

30 

18 

69 

183 

1617 

8 

3 


G^oot-Tobea 

3 

13 

98 

202 

167 

220 

168 

189 

198 

66 

24 

18 

U 

34\ 

117 

1417 

7 

4 

Islands 

Raha 

5 

20 

118 

185 

197 

242 

181 

214 

201 

127 

30 

30 

23 

61 

158 

1648 

8 

3 


Boeton 

10 

23 

131 

250 

274 

214 

179 

160 

144 

95 

26 

19 

4i 

110 

236 

17^^ 

8 

3 


1. With tho aealatemce of figures Trm Verb. 2|^ r/h Kbn. Mag. en Met. Obs. Batavia, Bupplenented as far as possible vlth the data 
fca: 1929 and 1950. 


the weathering mass. 

In the warm moist climate of the 
Verheek mountains the leaching out of the 
olivines and pyroxenes which had been 
broken up through hydrolysis has had the 
following result: 

The olivine yields magnesia, iron 
oxide, and silicic acid. The magnesia 
dissolves and disappears, and the silicic 
acid dissolves more slowly in the perco- 
lating water. The iron hydroxide remains 
behind. Prom the pyroxenes the magnesia 
and, eventually, the lime are carried away, 
and the silicic acid dissolves more slowly 
and iron hydroxide is the only substance 
which remain behind. If the pyroxenes 
contain aluminum and then, necessarily, 
also sodium, then the latter disappears 
just as rapidly as does the calcium, while 
the aluminum hydroxide remains behind with 
the iron. If there be titanium in the rock 
also, then that, too, remains behind, or at 
most it dissolves very* slowly. Manganese 
can occur just as well in the olivine as 
in the pyroxenes, and so long as organic 
matter is not present in the soil water, 
it remains behind as manganese dioxide In 
the iron oxide. In the presence of organic 


matter the manganese dioxide is reduced, 
dissolved, and carried away. And last, but 
not least, the perldotltes of this region 
at different places contaiii nickel, which, 
in its behaviour, lies between magnesium 
on the one side and manganese and iron on 
the other. Hence it dissolves somewhat 
in the soil water, but with much difficulty, 
so that much of the nickel is found left 
with the iron residue. It also occurs 
deeper, in cracks of the still Incompletely 
weathered rocks. It is deposited with 
silicic acid as a pale to Intensive green 
garnierlte. Later this garnierlte is 
leached through hydrolysis although the 
silicic acid is more rapidly carried away 
than the nickel oxide. So, going downward 
in the direction of the transportation by 
the soil moisture, we find iron with little 
nickel, iron oxide with more nickel, garnl- 
erlte veins, magnesium hydrosilicates be- 
tween blocks of half weathered rock, and 
magnesite in cracts and pockets of leas 
leached rock. 

With an eye upon the things of 
Importance in mining, engineers have natur- 
ally sampled a number of prospecting pits 
and test borings. Analyses of these 
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samples throw light upon the course of the 
above described weathering process, but 
give only an approximate Idea. From the 
mining standpoint, if a series of borings 
had gotten down through and below the ore, 
the analyses were suspended. Hence 
that in the quite extensive literature re- 
garding these iron and nickel ores not a 
single series of analyses can be found 
which begins with the completely fresh rock 
and ends in the final residual i roduct. 

The only two porldotite analyses, 
which we have found^^^ arc of hand samples, 
collected by Abendanon (see Table 79). 
Alkalies and T1 appear to be entirely 
lacking, or at least were not determined, 
nor has either P or S been reported. The 
weathering profile is not considered and 
is necessarily precluded since large 
boulders in a river were sampled. 


Table 79 

ANALYSES OF PERLDOTITES 


Named according to Glsolf^ 
fi'om Abendanon 's collection 

Harzburglte 
Sample 735 

Lherzollte 
Sample 676 

SIO2 

4J.66 % 

k 6 . 8 ^ io 

AI2O3 

2.1(3 ^ 

I.9B i 

FeO 

7.72 1 

7-10 It 

FC 2 O 3 


0.19 i 

CaO 

trace 

2.63 It 



11.90 It 

57-05 It 

H3O 

O.I5 ^ 

o.6‘) i 

MnO 

0 .1'^ 

0.10 i 

Cr203 

0.32 It 

0.33 <f, 

NIO 

0.32 

0 .21* % 


0 

0 

99.76 i 


U W. F. Glsolf, Mlcr. ontlerz. gest. der Mldden- 
Colebos-verz. Abendanon; — in E. C. Abendanon, 
Geol. en Georgr. doorkr. v. M., Celebes, III 
(Leiden, 1917), p., 1122. 

Elsewhere*®" we find weathering 

129 . E. C. Abendanon and S. J. Vennaes, Bota'e betr. 


profiles considered and described and, for 
that matter, analyzed for Fe, Nl,^Cr, Mn, 
AI 1 O 3 , SiO^, MgO, and H 2 O (loss on igni- 
tion). But never does one find a complete 
series of analyses, which gives the com- 
plete composition for all layers down to 
and including, the fresh rock. Hence it 
is impossible to verify experimentally 
what has occurred in the course of the 
weathering process. They bored holes 17 m. 
deep, and even as deep as 22.9 m., but not 
one of these reached the parent rock (for 
that matter, that was of course not the 
purpose of the investigations which were 
merely to find out whether or not the min- 
eral deposits could be profitably mined). 

The profiles as such, even though 
Incomplete, are sufficiently noteworthy to 
warrant saying something more about them. 
Dieckmann and Julius, for example, give 
the following (p. 33): On the surface lie 
"loose blocks" of laterite, blackish brown 
to black, on a "solid, hard crust" of dark 
reddish brown to purplish color, so-called 
layer ore (see Fig. 191^ page 39l) • Below 
this lies "clay ore, mixed with hard pieces 
of ore," grading into "loam ore" without 
the fragments. According to Koomans, with 
Increasing depth the color changes from 
brown, through yellowish brown toward yel- 
low and finally light yellow. When this 
color is reached one has come to the so- 
called "weathering soil" lying on, or 
grading into the underlying "peridot Ite or 
serpentine. "--A few of the bore holes seem 
to have been driven almost through the 
"weathering soil." For example, ip Larona 
No. the.SiOs content was up to almost 

20'!^ at 19 m. depth. The rock, however, has 
about twice as much SIO 2 . This profile 
comes the nearest to being completely 
analyzed, the following elements having 
been determined: Fe, --Nii --SIO 2 A “-AI 2 O 3 -- 
Mn02 and also loss on ignition. It is 

indeed a pity that figures for AI 2 O 3 below 
10.9 m., and for 3102 below 13.9 m. and 
for the other constituents below l4 m. 
depth have not been given. For the pur- 
poses of this book they would have been 

voork. V. nikkelen IJzerertsen Verbeek-geb. (Jull 


l^n . 4 - Oelebes —In* Veral. Meded. Ind. Delfst. e/h Toep., 8 (1919), 

.a;, ... ..u.., J 

^32 . Koomans , 1. 0 . , p . 96 . 
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the most important data. 

"The thickness of the layer of ore 
is very variable. Sometimes it amounts to 
2 m. and more, sometimes it is entirely 
lacking. " 

In the general discussion (page 
145) of the origin and development of 
the soil profile under the same sort of 
weathering conditions as those which pre- 
vail in the Verbeek mountains, mention was 
made of a surface crust, but this had been 
formed originally at some depth and after- 
wards exposed by erosion. Is that the same 
case here?--Dieckmann and Julius also de- 
scribe a profile (p. 34 ) in which a soil 
layer, which they describe as "washed-on 
material," lies on the layer of ore, which 
they call "laterite." One does not, how- 
ever, obtain the impression that this ma- 
terial was washed on as a result of the 
nature of the terrain. They further point 
out (p. 33) that "an unmistakable relation 
exists between the forming of the lakes and 
the laterlzation. " But what that connec- 
tion is, however, they do not definitely , 
state. When, however-, a little farther on 
(p. 37) they say: "During the submergence 
the perldotlte rock in the depression was 
laterized, so that at the present day, now 
that the plain of Larona Is dry, the sur- 
face is covered \iith a mantle of laterite," 
--then this is a statement very difficult 
to believe. 

The following seems to me to be a 
more probable explanation: It is a fact 
that over great areas only a loam ore lies 
over the perldotlte. This ore consists 
principally of iron oxyhydrates which are 
hot baked or cemented together. The 
laterite crust (the ore layer) occurs on 
the surface here and there, It is evi- 
dent near Larona and Batoe Best, and more 
specifically in the lower parts of the ore 
fields, close to the Larona river (on the 
Bone-, Poetih, and Salo-Raja fields such an 
orographic relationship is less clear). 

Now it is only necessary to accept the 
theory that the river at that time had a 
little higher level, by which a ground 
water level was maintained at such a depth 
in the loam ore field on the slopes as to 
induce the formation of a concretionary 
iron ore layer immediately above it. Thai 

133. Compare the map Ih accompanying Dleckmann and 

134. Compare footnote 13 1 on page 3 ^ 7 . 


^as the beginning and from that the layer 
could grow upwards, as has been described 
in Part I, pages l 44 -l 43 . This laterite 
horizon does not develop Iji the water, but 
always .just above the water . --Meanwhile, 
on the slopes loam ore washed off to places 
lower down. The profile never remained un- 
disturbed. The river cut its bed- deeper 
and, through erosion, the layer of ore wa3 
exposed at the surface. 

Many have the idea that the hard 
layer of ore (laterite ) is the result of 
material hardening at the surface. This 
idea has been discussed in Part I, page i',y. 
In this connection two questions arise: 
(l)--ir that idea were correct, why does 
not the loam ore where it lies on the sur- 
face always change into a hard ore layer? 
And should it then not be expected equally 
well on tops of knolls as on the slopes and 
on the lower and more nearly horizontal 
positions ?-- (2) --In the literature about 
other lands, Australia, the coast of Guinea, 
and other French colonies, one often cornea 
across the opinion that for the formation 
of the hard laterite "crust" an intermittent- 
ly dry climate is necessary. This is cer- 
tainly not the case in the Verbeek Mts. 

Here the laterite horizon forms in a con- 
tinuously wet, equatorial climate! 

So that what thus far has been 
learned about the formation of laterite on 
the peridot ites of Celebes, does not in 
any sense upset the general conceptions laid 
down in Part I of this work, but appears to 
establish them more firmly. But only more 
detailed local studies, many complete anal- 
yses and profile and terrain descriptions 
will, however, bring about a more satis- 
factory certainty. It is therefore impera- 
tive that one understands the whole history 
of the development of the profile even 
though certain stages in it be deduced in 
part from other data of the environment. 

Now, something concerning the occur- 
rence of the serpentine of the Eastern Ce- 
lebes. One is many times inclined to the 
hypothesis that peridotites by themselves 
go over into serpentine, or at any rate we 
must believe that perldotlte first must be 
covered on the outside with a layer of ser- 
pentine originating from it.^^‘‘ Serpent ini' 
zation in general has been dealt with in 

Julius, 1 . c. 
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Part I, pages 86 , 87 . Dleckmann and 
Jullus^^^ give some more definite particu- 
lars along this line. They say that 
"though the serpentlnlzlng process Is never 
lacking, the perldotltes in t^ls region are 
only slightly serpentlnlzed. This conver- 
sion In any marked degree occurs only where 
these rocks have been covered over by 
younger sediments, or where sediments from 
clastlc-perldotlte material (perldotlte 
conglomerates) exist." 

In the first place where does one 
find serpentine? --Under the sediments; and 
from the above-referred-to literature It 
la clear that these sediments are predomi- 
nantly, though not entirely, marine sedi- 
ments. This makes It evident that at the 
time of the deposition the underlying perl- 
dotlte surface was lying below the surface 
of the sea , and so exposed to the action of 
the sea water. 

On the land lying exposed to the 
air, perldotltes by no means must pass 
through the serpentlnlzatlon nrocess. 
Koolhoven^^® also states: "in many places 
perldotlte Is covered with eluvial, brown- 
ish yellow to brownish red weathering soils, 
and locally, especially on more or less 
horizontally, lying parts of the terrain It 
may be covered with laterltlc Iron ore." 
There Is not a word about serpentine or 
serpentlnlzatlon. But farther on (pp. 1^5- 
1^6) he says: "Between the perldotlte and 
the sediments which lie on It there Is 
found a zone of at least ten to a few tens 
of meters of strongly compressed serpentine^ 
originating from perldotlte The con- 

clusion Is now obvious that we have to do 
with a shoving of the overlying mass of 
sediments over the perldotlte substratum of 
xylonite formed out of the last -mentioned 
rock. " 

But Is this conclusion really ac- 
curate water certainly does not combine 
with rock through shoving or sliding. Is 
it not more likely that first the exposed 
and then gradually lightly covered over 
perldotlte was serpentlnlzed In and by the 


sea water, and that much later, after the 
accumulation of sediments on the serpentine 
had become very thick, the sliding and the 
mylonlzatlon had occurred?-- 

Just previously It was very truly 
said: "Although serpentine frequently 
occurs In the perldotlte region, though 
perhaps only locally, the above typical 
serpentine which has been strongly Influ- 
enced by dynamic metamorphism Is limited 
exclusively to the boundary between perl- 
dotlte and sediment." There Is thus ser- 
pentine which has not been so compressed 
and shoved. Yet this also while under the 
sea could have been lightly covered over 
by sediment, which, however, has been 
eroded off again. In either case there 
had been no occasion for shoving under 

13 7 

pressure. 

Before leaving the subject of the 
basic erupt Ives, It may be remarked that 
as marginal facies, and also as small por- 
tions projecting up through the perldotlte, 
rocks containing feldspar such as gabbro, 
norite, and diabase occur. In the publica- 
tions referred to, dealing with this part 
of Celebes In particular, although It Is 
never mentioned, It Is almost certainly 
the case that the vegetation on soils 
which have been derived from these feld- 
spar-containing rocks must be better than 
that on the soils In the regions where 
there Is nothing but perldotlte, for most 
probably In such soils a lack of K, Ca, 
and likely also of P will prevail. It Is 
quite astonishing that on the so-called 
loam ore such a tolerably good forest vege- 
tation can exist. Wliere solid layers of 
cemented iron oxide (laterlte), however, 
lie at the surface or close under It, 
naturally nothing or almost nothing grows 
(see Fig. l‘jl, page ;59l)* This Is because 
the plant roots cannot penetrate laterlte, 
cannot form a root system, and so suffer 
from a lack of water. In contrast with 
this, on Mt. Moliowo, just west from Mallll, 
where gabbro Is the parent material, I have 
observed an extraordinarily luxuriant 


L. c ., p. 15. 

156. L. c ., p. 145. 

i 5 T. Abendanon (Nota, etc., I 915 , pp. 5-4) apparently etarte out from the idea that perldotlte by weath- 
ering always "first goes over Into serpentine. Then follows transformation of the rhombic pyroxene 

to bastlte " All the perldotlte varieties mentioned going over into the eerpentlhe originating 

from It (to deviate?— K: C. J. M.)— Still not a word about such conditions as covering by sea water. 
But he does mention the more rapid weathering of olivine In comparison with pyroxene. 
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vegetation. 

In each case all these basic to 
ultra-basic rocks produce reddish brown to 
deep red lixivia which, although they con- 
tain only small or moderate amounts of or- 
ganic matter, are physically loose and per- 
vious. If only a little of the marine 
sediment which had covered the rocks or 
which lies In the neighborhood remains, so 
that Irrigation water comes from It, the 
chemical poverty may. In part, be compen- 
sated for. 


* * * * * 


A large proportion of the crystal- 
line shales or schists, to the south of 
the Verbeek Mts. are "blackish gray, 
shiny or sparkling phyllltes," consisting 
chiefly of fine quartz and mica particles. 
Coarser forms of these constituents are 
quartz mica shales and quartzites contain- 
ing mica. From the standpoint of the soils 
formed from these rocks It Is, Indeed, a 
pity that amphlbole, chlorite, and serl- 
clte schists are In the minority since the 
soils from such rocks are as a rule better. 

Upon weathering, the quartz, natur- 
ally, Is transformed Into quartz powder and 
quartz sand. The mica swells up and disin- 
tegrates, afterwards forming clay minerals. 
The resulting soils are loam and clay, from 
light to heavy, sand-free to very sandy. 
Upon weathering, amphibolites with their 
hornblende leave sizeable quantities of 
Iron oxyhydrate In the soli. This sub- 
stance makes the soli looser and lighter. 

If the Iron Is less abundant the soli on 
the schists Is pale. Then because of Im- 
pervlousness there Is very great opportun- 
ity for amphibian and subaqueous conditions 
to prevail in the soil in place of sub- 
aerlal conditions, as described for the 
schist region of Central Celebes (pages 
535-556) . Conditions then prevail which 
are unfavorable for vegetation, such as a 
low pH. 

***** 


In the north, as well as In the 
south, older and Tertiary marls and lime- 
stones are the parent materials of much 
calcareous red earth. The still younger, 
elevated coral limestone reefs In the south 
and on the Islands are completely covered 
over with such a red earth. On the red 
lixivium or eluvium there lies but little 
humous surface soil. The humus Is so 
rapidly broken down that not much can ac- 
cumulate. The teak forests on Moena offer 
a good example of such soil conditions. 

The climate with 5 dry months, as well as 
the soil, very much resembles that of the 
calcareous ridges running through northern 
Rembang and northern Soerabaja, on Java. 

Although I was not fortunate enough 
to find evidence of It In the literature, 
the probability must be admitted that to 
the south of a line joining Kolaka and 
Kendarl, on flat marl ridges, gray eartli 
and black earth as a heavy, black crack Inn 
clay will be found. 


* * * * * 


And now just a few lines about the 
allochthonous soil types of southeastern 
Celebes. These soils, which have been 
formed exclusively from the silt coming 
from schists, marls, and limestones, will 
be principally light to very heavy kinds of 
loams and clays. Silt from the amphibo- 
lites has a beneficial physical effect, 
while a little silt from the "loam ore" has 
a still more Intensive effect on the peri- 
dotites. Nevertheless a large part of tbu 
disperse Iron hydroxide carried In through 
amphibian or subaqueous conditions will be 
fixed quite rapidly as Iron concretions, 
su,ch as hall ore and bean ore. 

Where, however, as for example 
along flat banks of the lakes of the 
Verbeek Mts., fairly pure loam ore has 
collected we find a quite exceptional 
condition. The minimum amount of vegeta- 
tion grows on It. Abendanon has, already 
remarked how miserably a certain kind of 
grass grows along the banks of the lakes, 


138 . Cf. for example: J. A. van BeuJcerlng, Landb. k. echeto Moena, "Landbouw," 9; ^99* Here It is 
recorded: "a weathering soil reddlch brown to chocolate brown, locally going over to a greLy." 
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and that it Is just about the only plant 
which can still hold out there. (See Fig. 
155,) Below (Table 80) la an analysis of 
such a secondary sediment, along with other 
analyses of a primary (?) solid Iron ore 
layer and loam ore:^^^ 


Evaluation and Utilization 
of the Soils 

Southeastern Celebes Is anoi.her OT10 
of those parts of the Archipelago of which 
there Is little to be said In particular or 


Table 80 



Chunks of solid 

iron ore 

Larona 

Loam ore, 
clay ore 

Larona 

Sedimentary ore, 
Lampea, close to 
the sea 

SiOs 

2.04 

1-53 

5.18 

TiOg 

— 

0.13 

— 

AI 2 O 3 

3. Oil 

7.45 

12.91 

Fe203 

68.90 

67.60 

60.lii 

FeO 

1.67 

2.17 

— 

MnO 

l.oil 

O.3I1 

0.23 

NIO 

0.39 

0.93 

0.27 



0.07 

0.83 

2.00 

CaO 

0.7ii 

0.38 

3.57 

HoO + 

l8.?ii 

12.98 

17.63 

P2O5 

o.o9i+ 

0.011 

0.160 

S 

0.096 

0.196 

0.10 

CrgO^j 

2.I18 

h.l9 

1.37 


100.80 

CoO 0.09 



1 

99.667 

100.30 


As may be seen, there Is indeed 
some variability, but all three have the 
same general character. Because of the 
proximity of the sea the Lampea sample has 
a higher Ca and Mg content (presence of 
shells), as well as a greater amount of P. 

As the high A 1 content would suggest, It 
may perhaps be due to sediments from other 
rocks. Close to the lakes the figure does 
not rise above ’I AI2O3. But then one 
asks himself: from what mineral does 7 . 5 !^ 
AI2O3 come?- -Not from olivine: from the 
picotlte then?--not very probably; from the 
pyroxene? --but If so, then presumably there 
“lust be an accompanying Na content. To be 
brief, the above analyses have been carried 
ont only for metallurgical purposes, and 
not for petrographic or pedologlcal studies 


of Importance regarding the utilization of 
the soil. Everywhere the population Is 
sparse. Very few people live In the Ver- 
beek Mts. as is also the case in the schist 
region behind and to the north of Kolaka, 
as well as in the limestone mountains. On 
the limestone in the south and on. the 
islands, the red earth Is poor. It gives 
but a scant yield of maize, and an even 
poorer one of rice, but still It Is not 
unacceptable land. The needy population is, 
however, very backward In the utilization 
of this soil and Is apparently content with 
very little. The use of various kinds of 
green manuring, farm yard manure, etc., 
would indeed make something more of this 
land. Even so we can hardly expect this 
region to develop Into an Important region 
for export crops . 

Along the large Konaweh river there 
are, without doubt, really good alluvial 
loam soils, on which paddles should be 


b59. Anaiyeoe taken iVom Alox. L. Ter Braake, Veral. en Medod. betr. Ind. Delfst, en Toep, (l923), p. 
1, 8 and I 8 . 
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laid out. The low plain behind Kendari is 
nov one of the beat parts of the province. 

From the agricultural point of 
viev the Verbeek Mts. and adjacent regions 
and the whole peridot ite tract can never 
amount to much. But from the point of viev 
of mining there is certainly something to 
be expected, though it may not be until the 
distant future. On the basis of these min- 
eral resources, iron and steel industries 
could be established both In the Archipel- 
ago, and in the neighboring countries. 

Only where gabbros and other rocks 
containing feldspar break through the perl- 
dotlte or in the neighborhood of the cal- 
careous sediments (Kawala, Seseh, Kaporesa) 
can more fertile soils and a productive 
agriculture be expected. 

In general schists are not a parent 
material which gives rise to first quality 
soils. However, this statement will not be 
true if the proportion of quartz be less 
and there is relatively more amphlbole. 

But, as contrasted with perldotites and 
serpentines, schists are, however, always 
superior. Rutten^^° also confirms this 
when, in speaking about the contact of ser- 
pentine and gneiss on Manlpa, he says: "As 
to how far the serpentine extends into the i 
interior of the mainland can be approxi- 
mately determined when the observer is at 
a little distance from the land. This is 
because of the sharp differentiation be- 
tween the brown serpentine soil meagerly 
covered with vegetation and the mica schist 
soils which are densely forested with trop- 
ical rain forest." 

Apart from that, on the peridot ite 
and on the serpentine in the scant forest 
are still a number of dammar trees, which 
when time and opportunity permit, enable 
the thinly scattered population to earn 
some extra Income. 

If we now mention the coconuts 
occurring everywhere along the coast, then 
we have certainly not forgotten any impor- 
tant crop of southeastern Celebes. 


Finally a few words about Moena 
and Boeton islands, since they are also a 
part of southeastern Celebes. 

Everywhere in southern and eastern 
Moena the limestone is at the surface. 
Consequently the people are obliged to 
plant their crops in holes in the karan;^ . 
(limestone) which are filled up with a 
calcareous red earth , or terra rossa, in 
Itself not infertile. In the west and 
northwest the limestone is covered over 
by a much thicker layer of this red earth. 
This region is, therefore, better suited 
to agriculture. Even some paddles are to 
be found on this soil. But the soil In the 
holes in the karang appears to be richer in 
humus and more fertile than that on the 
hilly land which is more to the north. 

This hilly land is barren and dry. 
The vegetation consists of little else than 
thorny shrubs. Along the foot of the hlll3 
there lies a narrow strip of land which hj 
covered by material which has been washed 
off from the hills. From the nature of It^ 
origin this strip is somewhat more rertll(;. 

The low land in the west and north, 
marshy in the rainy time, does indeed have 
groups of small, fire resistant trees in 
the grass but it is still practically all 
one big cognonal ( imperata spp.). There 
are no rice paddles, and the few cocos 
which are growing there are unthrifty. At 
the present time much kapok is being i^lanted 
on the. better soils on Moena. In the in- 
terior and also toward the east there is 
still quite a good deal of teak forest. 

This might well be exploited. 

Boeton, like Moena, is covered 
almost entirely hy red earth which the 
natives generally kalngln. Since reason- 
ably good harvests are obtained, the soil 
appears to be relatively fertile; yet not 
sufficiently productive to permit the land 
to be cropped every year. Groves of cocos 
are found everywhere. The soli is thus, 
Indeed, better than that on Moena (compare 
the parent rocks as described on page • 


***** 6a. The Southern Torad.ja Lands 

This relatively small part of 
Celebes Is dealt with separately, since In 

l40. L. Rutten and W. Hotz, Geol. Exp. Ceram, enz. IXe Verslag, T. K. Ned. Aardr. Gen., ^ (1919) > P' ' 
l4i'. These details are for a large part taken from a survey made by Administrator Bouman Oct., ’33* 
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various respects it la of such a distinct 
character. To the north, northeast, and 
northwest it Is surrounded by regions which 
have already been treaterl under Section 3 , 
uentral Celebes (pages 330 - 3 ^ 1 ). To the 
south It adjoins the "Lake Region" which 
will be considered below under Section 6 b, 
page 369 ff* 

Soil “Forming Rocks 

For the purpose of this book 
Reyzer^^^ gave a provisionally adequate 
survey of the soil-forming rocks. It Is 
mainly his scheme which will be followed 
here . 

(a) In the east lie the Latlmodjong 
mountains, a large part of which are made 
up of "all kinds of strongly schistose and 
metamorphlc rocks." The following minerals 
occur: chlorite, sericlte, epldote, quartz, 
plagloclaae, amphlbole, calclte, blotlte, 
and still others. Besides all kinds of 
schists , however, there are slllclous 
alates as well as gabbro and dlorlte . From 
this rich diversity of minerals an equally 
rich collection of weathering products can | 
result. 

(b) All around the Latlmodjong Mts., 
but especially on the west side of them, a 
peculiar formation occurs which Is called 
by miners copper slate (because a little 
copper Is found In It) . But the geologists^ 
following Abendanon, prefer to call It the 
Maroro formation , after the Maroro river, 

In which river valley this formation occurs 
characteristically and on a large scale. 

Reyzer describes the Maroro forma- 
tion thus: "It Is a peculiar suite of 
mostly red, but also purple, blue and green 
clay-stones, marls, or slates, with simi- 
larly colored, coarse as well as less 
coarse sandstones to conglomerates. There 
are also yellow colored sandstones and 
claystones." Reyzer believed that these 
rocks often contain globlgerlna and. noted 
that "here and there they Included lime- 
stone and calcareous sandstone layers. 

"Toward the core of the Latlmodjong 
Wts, the rocks become harder and exhibit 
schlatoslty; metamorphosis has also taken 
place. In general however the rocks are 


weak. The landscape to which they give 
rise is unmistakably characteristic (Fig. 

136, page 334). As far as the eye can see 
the weakly rounded low hills of purplish 
red or also bluish green colored rocks ex- 
tend. The rivers readily erode the soft 
rocks which are only weakly resistant. As 
a consequence the rivers are always filled 
with dirty reddish brown detritus." — (See 
Figure 93 1 page ? 34 .) 

I can entirely concur with the 
above description and I was also struck by 
the very widespread occurrence of the purple 
color, which does not change even after the 
disintegration of the claystones to earth 
and silt, nor after the transportation of 
the material and its ultimate deposition as 
alluvium. Also the extremely miserable 
vegetation on this formation hits one in 
the eye (Fig. 136 ). It Is almost exclu- 
sively a thin grass. 

After one of the repeatedly occur- 
ring landslides or earth falls exposes a 
sizeable broken face across this formation, 
no regular layering Is visible. Rather, 
one Is struck by the greatly broken up 
condition of this formation, which makes 
completely understandable Reyzer' s comments: 
"Regarding the thickness of the formation 
we must fall back upon an estimate, because 
30 far as observed, the copper-slate forma- 
tion is so much broken up that It Is not 
possible, on tectonic or petrographic 
grounds to construct a profile In any way 
probable Nor can definite strati- 

graphic levels be differentiated." In 
closing Reyzer says: "Regarding the age of 
the deposits referred to, opinions are as 
yet divided." 

However, for the reader of this 
book It Is of less Importance to know 
whether the Maroro formation Is of Creta- 
ceous age, or that it belongs to the Lower 
or Middle Miocene, than to know what the 
genesis of the formation was and what has 
happened to It since. This latter Is of 
particular importance in order to come to 
an opinion (it must be provisional) as to 
the value of this formation as a parent 
rock for soils. Is there anything to be 
said about thls?-^ 

According to the analysis of 


J. Beyier, Oeol. aant; betr. zuld. Toradjalanden, Jt>. Mljnw. K. 0. I 
154-209.— With bibliography of additional literature. 


(1918), Verb. I (1920), p. 
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Photo by E. C. J. Molir 

Fi'.% 156. Torad.la laiids, Celobcs. Maroro or copper-slate formation. 

Entirely deforested and pastured off by carabao (water buffalo). Se- 
vere erosion exposin’; the dirt/ purple-colored silt. (See pp. 
and Fi n )i 9 . 

Preusberg^'^'^ a " (Globigorl na-f ree ) but also the fine grain (the formation con- 

red claystone," collected northeast of sists predominantly of "clays tones '' ) as 

Kalossi had th.o following composition. well as the relatively infrequent occurrence 


of Glohl gerinas , (in the form of layers of 

SIO2 71. ej % lime) while other fossils seem to be lack- 

Al20:3 8.9! % Ing. But the above recorded chemical com- 

FC2O3 6.86 ^ position differs considerably from the an- 

MrO trace (enuall quantity) alyses of "red clay." In the analyses re- 

CaO 0.60 ^ ported by Brazier and Renard^'^'* there is 

Logs on ignition 11.60 ^ not a single one, (even not among those iu 

Residue (O.OO)^ which pjreviously the fine constituents, 


100.00 ^ less than 80 mu, were not washed away), 

which has more than 62^ 3 10 2 or more tiian 
Vliether the loss on ignition in- water. Moreover all of them have a 

eluded CO2 as well as water, was not re- little (as MgCOs) and quite impor- 

corded, but this Is not probable since It tant quantities of alkalies. In the an- 
is stated that the claystone was "Globl- alyses of Maroro claystones given above 
gerlna free." If it be accepted that we there is but I/2 ^ available for alkalies, 
are here dealing with a marine sediment, plus magnesia, plus whatever else may also 
then it is obvious that according to Murray be in it. H^nce the Maroro claystone of 
and Renarl, It is a deep sea sediment, a which the analysis is given above is not 
so-called "red clay." It is true that not directly comparable with either one sort 
only does the color point in this directlonj or the other of deep sea sediment. It ma;y 

143 . Quoted by Reyzer, 1. c .^ p. 168. 

l4t. Challonver-Exped. , Murray and Renard: Deep-sea deposits (I 89 I), Pp. 426-435. 

146. 0. B. Bogglld, Meeresgrundproben, Slboga-Expod. UCV (l9l6), records 13 samples of "Roter Ton," 

which however are not all red but bluish gray. Of them there are 7 with 0,4 to 23 . 9 ?^ CaCOs, yet 6 
are entirely free from lime. Unfortunately fui’ther chemical analyses are lacking. 
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however be, though we may not accept this 
to be the case, that since Its elevation 
from the sea the sediment has been leached 
considerably by fresh water. This raises 
the question that If such a leaching did 
happen, did It occur only very recently? 
or had It already taken place during a 
much earlier period? 

This Maroro formation presents 
gtlll further difficulties. Reyzer re- 
corded that In general "in this formation 
of colored rocks the coarse sandstones and 
the conglomerates appear to occupy the 
highest levels. For the most part they 
consist of fragments of red claystone." 

This last observation logically means that 
the sandstones and conglomerates must be 
younger than the clays tones, yet that at 
the time of their formation red claystones 
must somewhere have occupied a place higher 
than the place of the deposition of the 
sand and gravel layers. Hence, between the 
time of the depositing of the deep sea 
clay, and of Its being crowned with "coarse 
grained quartz sandstone with occasional 
Inclusions of fragments of red claystone," 
various things must have happened. 

The reader will perhaps ask why so 
much attention is given to this geological 
puzzle. The reason for that Is: If marine 
sediments are exposed above sea level, In 
general they are In no sense poor parent 
material for the formation of soil, because 
when sediments accumulate In the sea they 
become saturated absorptively. Now the 
Maroro formation Is merely called a marine 
sediment, nothing more. Hardening under 
pressure and during a long time has not 
very much altered Its chemical composition, 
^d now the chemical analysis Indicates 
something different. The soil from the 
Maroro formation is also poor. An explana- 
tion of all this Is urgently needed. 

(c) To the west and northeast from 
the Southern Toradja Region occur many 
granites . Including also quartz dlorltes 
^'ind dlorltes. Of these rocks quartz, or- 
thoclase, plagloclase, blotlte and amphl- 
bole are the most Important minerals. 

(d) Around Mamasa In the west, on 
the eastern side of the granites, lies a 
strip of crystalline schists , among which 
eoel33, nilca schist and quartz schist are 
^^Ite the most Important. Of these rocks 
the most Important minerals are quartz and 
'^tca, as well as some feldspar. 


(e) Between (a) and (b) In the 
east, and between (c) and (d) In the west, 
and extending still further northward up 
against the granites of West Central Ce- 
lebes, and toward the south reaching to 
the gulf of Mander and the lower Lake re- 
gion, Is a large stretch which the geolo- 
gists consider as a unit under the name of 
the Volcanic formation . 

A number of effusive rocks and 
tuffs have contributed to build up this 
formation over apparently a very long 
period of time, from the Chalk Into the 
Pliocene. During this time at different 
points the various eruptlves have been 
thrown out or extruded. In part as lava 
which flowed out or as already previously 
congealed magma. In part as efflata of all 
sizes, which was scattered abroad over the 
land. As to the petrographic nature of 
the rocks, andesites predonlnate (see Fig. 
l 4 ^, page 565), as well as blot Ite-pyroxene- 
andesites. In addition amphlbole and hyper- 
sthene andesites as well as basalts are 
found. As would be expected since they are 
so much older than most andesites of Java, 
many of these rocks contain veins of cal- 
clte and zeolites. According to the recog- 
nized terminology of Verbeek they could be 
placed under the "andesites with old habi- 
tus." 

Especially toward the southwest, 
but also elsewhere, are found rocks richer 
In potassium such as trachyte (orthophyre) . 
Above them leuclte rocks are found, which 
also occur north from Rantepao, but especi- 
ally farther south, to as far as Maros. 

These rocks will be dealt with later. 

In composition the tuffs obviously 
correspond with the solid rocks to which 
they are genetically related. In part 
they have been deposited on the land. In 
part under the sea. It Is only as excep- 
tional cases that the marine deposits also 
possess more or less marine fossils. More- 
over, from the beginning of their long ex- 
istence--and for the oldest tuffs this 
obviously applies the strongest , --there 
have been two transforming factors acting 
upon tuffs: ( 1 ) --Tectonic forces have de- 
formed them very much and moved them bodily 
(see Fig. 1 ^ 5 , page 565)* ( 2 )--In so far 

as the tuffs were exposed to these forces 
from the beginning, weathering and erosion 
have acted on them. Much material was 
washed off and carried Into the rivers and 
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Photo by E. C. J. Mohr 

Fig. 157. Southern Toradja lands, Celebes. A detail of the liparlte 
Bsroepoe tuff exposed along the road from Rlmbong,* near Bllalang. 

(See pp. 363, 366.) 


presumably Into the sea. On the one hand, 
these materials which came from different 
sources and which were related to different 
kinds of rocks 'were mixed In the sea. On 
the other hand, according to the grain 
size, materials were sorted Into layers of 
gravel and sand, of loam and clay. One 
must also realize that not only from the 
east but also from the north and the west, 
detritus In all sorts of forms had con- 
tributed to the mixed and sorted material, 
so that It Is difficult to make out from 
where any one fragment, or any one grain 
might originally have come. Consequently, 
In travelling north from Rapang toward En- 
rekang, upon first entering the tuff re- 
gion and coming across coarse sandstone 
or conglomerate for example, by far the 
greatest part of which consists of white 
silica fragments and red slllclous Iron 
fragments of the size of peas or beans, 
naturally the surprised observer wonders 
how this region can be characterized as 
one of volcanic tuffs. Yet, on the other 
hand, after travelling In the opposite 


direction, from the north toward the south., 
one realizes that no sharp boundary can be 
drawn between the localities with undoubti.;! 
ly pure tuffs, with not even a single siilc 
pebble of contamination, and those locali- 
ties where ‘quartz Is the principal constitu 
ent. Hence It Is entirely conceivable why 
the entire region has been mapped as a 
single geological whole. 

Without doubt the youngest and as 
such also the purest tuff Is what Is known 
as the Baroepoe tuff . It Is a loose and 
crumbly material, principally llparltlc, 
with foamy, very pale pumice stone glass, 
In which are large quartz and feldspar 
crystals and some mica hornblende. The 
pumice stone weathers very easily, conse- 
quently the tuff easily falls a prey to 
erosion. If on the flat portions of the 
tuff a solid, clayey layer has developed, 
on which a good growth of vegetation has 
become established, obviously this offers 
more resistance to eroding water than does 
the fresh tuff. For this reason gullying 
Is predominant, and In this region of 
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abundant rainfall the erosion of deep can- 
yons is a consequence (see Fig. 137, page 

356). 

(f) On the boundary between (b) and 
(d) like an almost straight wall, stands an 
enormous Old Tertiary limestone reef . In 
the north, the road between Rante Pao and 
Paloppo runs through it. In the south, 
half way from Rapang to Enrekang, it stands 
to the east of^ the road. Just south from 
Kalossi the reef appears to be doubled, for 
east of the principal reef, projecting 
through the claystone formation there rise 
enormous separate blocks. Also there are 
outliers along the west bank of the Sadang 
river, west from the main reef. 

(g) A couple of small spots of 
Younger Tertiary formation here need only 
be mentioned. 

Considering all the above facts 
together, we come to the conclusion that 
In the Southern Toradja Region a great di- 
versity of rocks contributes to the forma- 
tion of the soils. As to how, will be 
discussed below in subsequent sections. 


Climate 

For a moment leaving the periphery 
out of consideration, the central, higher 
portions of the southern Toradja Region lie 
at elevations between about bOO m. and a 
highest point in the Latimodjong Mts. of 
^bout 3,500 m. above sea level. Toward the 
30uth the elevations decrease to about 50 m. 
^t Enrekang and down, still lower, to but 
^ fev meters above the sea at Rapang. The 
il lL temperature range thus lies between 


that of the tropical lowlands (about 26 °C) 
and an average minimum of about 5°C. 

Since the greater portion of this part of 
Celebes is deforested, the soil temperature 
must be a good three degrees higher. On 
the map there are shown only small areas 
which are higher than 3,000 m. or even only 
just more than 2,500 m. Since the greatest 
proportion of the area lies between 500 and 
1,500 m. elevation, the most of the region 
falls under the warm and temperate divisions. 

As to the rainfall , this differs 
little from that of Central Celebes. Al- 
most everywhere all months of the year are 
continuously humid with averages of more 
than 100 mm. rain. This is apparent from 
Table 8l above. 

In considering the differences, 
which seem to be mainly due to the position 
of the stations with respect to the moun- 
tains and the directions in which the mon- 
soons blow, it should not be forgotten that 
some differences occur because observations 
for all stations are not always for the 
same series of years, and that for many 
stations the observations are for only a 
relatively few years. 

With such a distribution of the 
rainfall, only under exceptional conditions 
can the soil dry out. Practically speaking, 
always and everywhere the soil must remain 
wet or, at' least, moist. Where the soil 
material is quite pervious, the weathering 
form which predominates is thus strong 
leaching with much air dissolved in the 
abundant water. Where the 'pervlousness is 
slight, weathering would take place under 
slow, but continuous leaching with little 
air dissolved in the water. 
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Ways in Which Weathering Occurs as far as the more senile stages. Providful 

and Resulting Soil Tyrees it is actually washed onto the land and 

deposited there, and not carried on off 
In the first place we should refer into the sea during transit, without any 
here to the comprehensive treatment by B. doubt the soil material which washes off’ 

H. Paerels,^"*^ in his description of cof- from the mountains is of value for the 

fee culture in this region, and, in par- lower lying lands. 

ticular, call attention to his chapter I: Somewhat lower than the gabbros 

Geographical description of the region are the quartz diorltes, followed by the 

(the southern Toradja Region) and chapter schists, which become more acid until mica 
II: Climate and Soil. Supplementing my and quartz schists are found, although 

own observations which were made in the these last do not occupy any very large 

course of a relatively short journey area. In the case of these last mentioned 

through the region, besides a few side rocks there is an increasing residue of 

trips, Paerel's data have been drawn on quartz gravel in the weathering soil, 

heavily in preparing the following discus- Broken silica fragments remain from the 

3 Ion. quartz veins which occur in all these 

In order to make for clarity in the rocks. After having been rolled and 

treatment we will retain the subdivisions knocked about in the rivers these quartz 

which were used when describing the soil- fragments finally land in the plain as 
forming rocks. round, more or less flattened quartz pol- 

(a) Even with a uniform temperature bles, white if iron free, but dark red IT 

(thus at 8 certain elevation) and one type containing iron. However, between the 

of rainfall and rainfall distribution, the large chunks of silica and fragments of 

great diversity in the Latimodjong rocks other rocks a groat deal of quartz sand Iij 

must, of course, give rise to all sorts ground up into fine to very fine quartz 

of widely divergent soil types. Yet they sand and quartz flour. As a consequence; 
all fall within the group of yellowish of this process much quartz is carried out 

brown to red lixivia. On the basic rocks from the colluvium to become a part of the 

(gabbros) which, moreover, occupy the high- alluvium. 

est parts, Abondanon^'^ noted "orange yel- Thus the autochthonous weatherinc 

low quartz fragments" on "'flasser* gabbro, soil consists of submlcroscopic clay mtn- 
between the layers of which there frequent- erals, plus ‘colloidal iron hydroxide and 
ly occur many large quartz lenses." But aluminum hydroxide (as little flakes of 
under forest on these rocks a loose, dark hydrargllllte ) {jIus some little, or ovon 
brown lixivium soil will occur with a cer- much quartz and mica mixed through the 

tain content of humus, perhaps covered by mass. The color of the principal lixivlun 

a horizon of still more humous surface layer will thus vary from brown via brown- 

soil. Since this soil is very pervious, Ish yellow to pale beige, sometimes wlt'n 

the chances for the formation of peat, even an orange yellow tint. As the result of 
on flat places, are considered to be small, erosion these soil types supply quartz 
Even for bleaching, the conditions are un- flour and mica fragments in varying pro- 
favorable, so that normally everywhere on portions. 

the Latimodjong Mts. a brown gabbro llxivi- (b) Because motamorphlcally tlioy 

urn will almost certainly be found, and ap- are still the least altered, the red cla,. ' 

parently will extend up to higher eleva- stones of the Maroro formation weather too 

tions than anywhere else in the Archipela- most simply, namely thrr.ugh taking up ol 
go. The weathering stage is considered to additional water. If these are really 
be juvenile to virile. Doubtless because deo]) sea deposits, then the clay mineral, 
of the heavy rains in the high mountains during their long journey to the bottom at 

and the Inevitable erosion under such con- the sea must have become absorptively ca >' 

ditions, presumably the soil never develops rated with Ca and probably also with Mg 

146, B. H. PaerelB, Agronom. 'beschr. v/d kofflocult. i/d Zuid. Toradjalanden, Meded. Afd. Landt. BuiUu- 
zorg, No. 11 (1927). [Seo also page 5^8 of this book. — R. L. P.] 

Ihy. E. C. Abendanon, Geol. en Geofj?:’. doorkr. v. Celebes, I, p. 147. 
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fcind K ions, while much water of hydration 
would have been liberated. Now when this 
deposit is exposed freely to the air and 
is washed with rain water containing prac- 
tically nothing but HCO3 ions, these bases 
are leached out and replaced by hydrogen 
ions, while at the same time hydration 
occurs with the resulting swelling and 
disintegration of the-rock. This may ex- 
plain why Paerels^'*® speaks of ’*the ease 
with which the rock is attacked" and 
"through which the whole weathers to a pur- 
plish red clay." However, I have not seen 
any place where "the more solid rock is 
covered by thick layers" of this purplish 
clay. Rather the' contrary, which also 
seems very plausible, since because of the 
breaking up through swelling- along the 
jointing planes the purple colored clay is 
washed off even before it is entirely des- 
titute of absorbed Ca and as a consequence 
it is still neither heavy nor intensively 
cohesive. If however we study the analysis 
of the claystone (page ^54) somewhat more 
closely we see that, even if all the AI2O3 
Is present as "clay, " as kaolin, or even 
If the alumina exists as the minerals bel- 
iellite or montmorillonite (see pages 77 ^ 

78) which are much richer in SiOg and 
-/ater, there is always present an excess 
of silicic acid and water. Judging from 
its color the iron oxide should certainly 
be considered hematite. 

If we consider further that the 
claystones here and there go over into 
sandstones, made up of coarser and finer 
quartz sand, then it is obvious that in the 
so-called claystones there must also be a 
certain amount of quartz silt. If this is 
considerable the claystones grade into the 
loamstones, which, as a consequence, weath- 
er rather to a red loam than to red clay. 
This assumption was actually confirmed in 
an examination of the water of the Mata 
Alio during a flood (pig. 49 , p, 182). Prom 
quiet places along the bank I was able to 
^iip up in a glass some of the dirty pur- 
plish colored water. This suspension ex- 
hibited the same characteristic satiny 
light effect as flood waters comin^^from 
the marl regions of Central Java.^ ® 

When rain water runs down over it. 


loam of this sort, however, disintegrates 
more easily than clay. This is the cause 
of the serious washing of all slones and 
the severe erosion of the landscape. After 
heavy rain along and on the road, on places 
where lime or calcareous sandstone layers 
occur in or between the purplish loamstones, 
one can see where those same peculiar 
coarse crumbs of a granular consistency 
have been accumulated, the same sort as are 
often seen in quantities in the marl re- 
gions. When not disturbed, almost clear 
water runs out of the mass of crumbs but 
if one steps onto the wet mass whtch has 
been washed together, the foot sinks sud- 
denly into it and immediately strongly 
turbid red water runs out. Apparently the 
lime present had caused the loam to form 
coarse aggregates. 

Where quartz sandstone occurs in 
the formation, the loam weathered from it, 
so far as it is considered a substrat for 
vegetation and source of plant food, may 
be thought of as being "diluted" by the 
quartz; on the other hand however the 
quartz sand makes the soil more solid and 
harder. Yet this does not reduce the ero- 
sion of the soil. On the contrary, only 
those parts of the formation which lie 
closer to the central ridge of the Latlmod- 
jong Mts. and have been exposed to more in- 
tensive pressure and hardening through meta- 
morphosis offer relatively more resistance. 
Thus the lower parts of the landscape erode 
still more than the higher; hence, in the 
course of time, the land does not become 
flatter but always steeper, and rougher. 

(c) In the granite region in the 
western part of the Southern Toradja coun- 
try (see Pig. 138, page 36 o) are found the 
same kinds of soils as we have noted in the 
granite region of Central Celebes (see 
pages 355 )* Where the rock is easily 
converted into a granular mass through the 
crumbling weathering of the feldspars, 
especially of the plagioclase, a residual 
sandy soil of a gray rusty color is found. 
(6r--(Wa to Ma ) .HH .ae . ( I -2 ) ) . If the weath- 
ering has progressed further, without ero- 
sion having washed away all or a part, 
there finally develops through the stage 
of a light brown, loose soil, especially 


148. p. 16. 

149 . 1 . C. J. Mohr, Ov»r het allhbozwaar, enz., Meded. Dept. Ib. Bultenzorg, No. 5 (1908). 
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Photo by E. C. Abendanon 

Fig. 138. Southern Toradja Lands, Celebes. Mountains west from the 
Mamasa river. At the right the bare granite projects up through the 
thin soil cover. Foreground: fertile alluvium washed off from the 
mountains. 



Photo by G. Gortmane 

Fig. 159 A beautiful exposure of granite weathered to a bright red, 
sandy lixivium near the Todjamboe rest house, Mt. Poeang. Along the 
highway being built from Paloppo to Rantepao. Central Celebes. 
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at low elevations, a sandy red earth. 

But this residual soil is then no loam, 

But a sandy clay. The mechanical analysis 
curve has two peaks, one in the region of 
the sand, between 5 mm. and 0.2 mm. (the 
quartz besides a few other still unweath- 
ered mineral grains), and the second peak 
In the clay region, the particles of which 
are smaller than 2 mu. 

If this residual soil becomes a 
thin mud and is carried off by the flowing 
water, then at first the sand part becomes 
colluvium, that is, it piles up as sand- 
banks gradually migrating from the stream 
channel out over the land. On the con- 
trary the clay part, the easily suspended 
sediment, can be deposited later as allu- 
vial clay (see Pig. 138, page 36o) . But 
the Mamasa and Sadang rivers are quite long 
ones which also carry along cobble stones 
as well as suspended silt and sand. The 
former grind the sand finer and finer, so 
that more quartz flour is formed. And this 
is carried along with the suspended silt. 
The consequence is, then, that in the low 
plains loam and not clay is deposited from 
that suspended sediment. 

Along the road between Rantepao 
and Paloppo, to the east of the watershed, 
may be seen beautiful profile exposures in 
the granite soil of Mt. Poeang. In 1931 
near the Pasanggrahan Todjamboe one could 
observe all conceivable stages in the tran- 
sition from completely fresh granite to 
completely weathered-out red earth (see 
139, page 36o). 

(d) The residual soil on the crys - 
talline schists , in so far as it ^has or- 
iginated from gneiss, will, Indeed, be 
tiiuch like that on the granites. But from 
the nature of the case where the rocks are 
t^ica and quartz schists, the soils must 
possess relatively more quartz. The high- 
er the elevation and the more nearly flat 
the topography, the greater the opportun- 
ity for ah increase in humus content of 
the soil and a resulting Increase in acid- 
ity. These processes are enlianced by the 
^oist climate which prevails there. Under 
^ dark colored humous layer on the surface, 
^ similar less humous layer lies below, in 
turn underlain by a leached-out pale layer 
clayey white sand with white silica 


fragments and bleached mica crystals. On 
virgin land stands a forest, the trees of 
which have but modest requirements. Wliere 
the forest is cleared (in a certain sense 
by mistake) in order to make kalflgins on 
the land, the peats and humus are washed 
away and consumed. All the finer material 
is washed out of the soil, and there is 
left behind, at least on the flatter 
pieces, pale sand and gravel. Prom steeper 
slopes also, that infertile material is 
washed toward the rivers, and rocks are - 
freshly exposed which then begin to weather. 

Meanwhile the rivers carry cobble 
stones out from this schist region as well 
as silica gravel and silica sand. Mica and 
feldspar, however, probably do not reach 
the lowland, since, before travelling that 
far, the mica has been ground up fine and 
the feldspar has been weathered away. Thus, 
in addition to this fine mica, clay and 
quartz flour are spread out as alluvium 
over the lowlands . 

Now before taking up the volcanic 
formation, mentioned under (e) we must 
first say a few words about: -- 

(f) the great limestone reef . In 
spite of Paerels^'"^ stating that this 
’’limestone weathers to a light red clay,” 
it seems to me that the autochthonous soil 
on the limestone is definitely a dark 
brown. Just as elsewhere in continuously 
moist climates, this reef limestone also 
weathers into very fantastic shapes, so 
that frequently close beside quite deep 
pits filled with soil, pinnacles and blocks 
of rock project high above the soil (Plg. 
l40, page 382). The soil is loose and 
friable because the colloids in the weath- 
ering residue are saturated with lime, 
while, since the elevation lies between 
400 and 1,000 m. there is some humus in 
the surface soil which causes a dark color. 
The proportion of the soil which eventually 
erodes and reaches the rivers Is quanti- 
tatively considerably less than that of 
the detritus from the Maroro formation. 

But qualitatively, from the viewpoint of 
the vegetation, the material is much better. 
There is much lime in solution with clay 
and humus in suspension but no quartz sand. 

(e) In the course of a long time 
the volcanic formation has developed 


^ 50 , Formula as the previous one, hut stage 4 in place of (I "■2). 
^51. Paerelfl, 1. c ., p. 20. 
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Photo hy G. G. Gortmans 

Fig. iHO, Southern Toradja lands, Celebes. Road over the limestone 
reef at Tondoklita. Ever.ywhcre the limestone sticks up tlirougli the 
shallow, dark brown, fertile soil which contalriB quite a good deal of 
humus; elevation BOO to 1,000 ra. (See pp. 56i^ *368.) 



Photo by E. C. Abendanon 

Fig. l4l. Southern Toradja lands, Celebes. Many landslides along the 
mountain trail In the Masoepoe river gorge, above Tandoeng, where it 
crosses Baroepoe tuff, with nowhere very much forest. Soil layer quite 
shallow; heavy erosion. (See p, 556.) 
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between the formation (a) to and including 
(f_) . But In the literal sense of the word 
there has been much reciprocal Influence 
between this central formation and those 
which surround It. In the central field 
there were all kinds of ejecta forced out 
and erupted Intermittently from different 
points. These ejecta were spread over 
the landscape and also, of course, over 
the surrounding mountains. As the moun- 
tains were hlpher In relation to the point 
of eruption there was a decreased amount of 
ejecta but an Increased proportion of the 
finer sizes. From the earliest times, how- 
ever, erosion has been operating continu- 
ously and effectively on all the exposed 
Land and especially on the mountain slopes 
(see FlgS'. l4l-l43, pages and .:364). 

And as long as the granite mountains and 
the Latlmodjong massif were lilgher than the 
volcanic reo.lon between them, tne colluvia 
and alluvia in the valleys contained a mix- 
ture of the [)roduct3 of erosion from all 
the regions. On the eastern side the lime- 
stone reef acted as a barrier against this 
mixing, but wLiere It, stops, as to tLie north 
of Rantepao, and to the south of Kalossl, 
all the streams with their loads could flow 
througLi those places and where the speed of 
the streams was reduced, mixed deposits 
accumulated. 

But meanwhile, sucLi substances as 
could be altered were weathered further, 

30 that In the colluvium there was a de- 
crease of feldspar, auglte, etc., during 
its movement. There was also an Increase 
In tlie clay In the silt in suspension, so 
that the farther south (the main stream 
direction) one goes, the greater the domd - 
nance of the silica fragments In the grav- 
el and the finer and more weathered are 
tlu3 alluvium, loam, and clay. Now and 
again a volcano erupted. Tlien suddenly 
mass of ash came downward with the rivers 
and was spread out over other material. 

This differentiated the layers and gave 
rise to that Inspiring complex of layers, 
the maximum thickness of which has been 
estimated at as much as 2,[)00 m. Geologl- 
It la called a "tuf’r formation," 
though for a large part It la built up of 
material which can hardly he called tuff. 

But In addition to the above, how- 
f^vor, there Is also differentiation to be 
^cted within the volcanic formation itself. 
Ih the vest. In the region of the drainage 
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basin of the Mamasa river, the eruptions 
resulted in more lava than fragmental ma- 
terials. Therefore more lava and less t,uff 
occurs there. But In the north brecclc.s 
predominate, that Is to say that In that 
region most of the volcanic rocks have 
been broken up and the fragments again 
massed together with another arrangement. 

In that region the volcanic material pre- 
sumably belongs to the oldest portion of 
the formation and has thus been most sub- 
jected to vertical pressure, folding, and 
lateral compression, which have taken 
place since the beglnnln^^’; of the accumula- 
tions of the sediments, perhaps as long 
ago as the up[)er Chalk period (see Fig. 
l44, page In the central part of 

this region where tiie Baroepoe tuff Is the 
youngest product of all, the principal ma- 
terial Is tuff itself, that Is, compacted 
efflata. Hence this central part must 
also have ] layed the greatest part In the 
building up of the great quantity of ma- 
terial which had been moved toward the 
south. There the efflata and the weather- 
ing products resulting f’rom It hardened 
afresh to tuffs. 

In connection with this differen- 
tiation, the topographic situation (eleva- 
tion and sloi^e of the terrain), and the 
greater or smaller supply of otiier sorts 
of m.aterlal have resulted In the various 
kinds of soil of the volcanic formation 
belnp: of course very different, although 
there have been only small differences In 
the weathering forms. 

From the beginning the llparltic 
Baroepoe tuff has been very pervious, so 
that the rain water always sank down 
through It vory rapidly to great depths. 

As a consequence, there remains but little 
water In the upper layers of the soil, 
making It difficult for the forests to 
develop or for reforestation to be accom- 
plished. kliere, b.owever, especially In 
relatively depressed spots, once the weath- 
ering of the pumice stone of the tuff had 
actively started, the perviousness of the 
surface soli became continually less and 
the water capacity greater, which is bene- 
ficial for the vegetation. As a conse- 
quence the deeper layers of the tuff re- 
mained drier and weathered less than the 
surface soil, while the Increase of clay 
In the surface soli was at the same time 
a reason why more rain water ran off over 
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Photo by C. van do Koppel 

Fig. 142. The Saadang river, to the south of Makale, hetwcen Palesan 
and Boeaka Joe, Southern Toradja Lands, Celebos. Heavy surface erosion 
and gullying. Here and there some forest in the side ravines. A 
similar aspect as that of the valley of the Mata Alio. (See Fig. 49, 
page 182.) 



Photo by C. van de Koppel 

Fig. l45v The river Saadang below the canyon at Boeakajoe, Southern 
Toradja Lands. Celebes. In the foreground are tuffs which are more 
subject to surface erosion. In the distance are tuffs with heavy 
gully erosion. 
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Photo hy C. van do Koppol 

Fig. 144. Mappa village, Southern Toradja lands, Celebes . Bare tuff 
region. Wherever poBsiblo the Torad,1aji8 have laid out paddies. To 
the right, in the distance the andesitic Mt. Modjoka, on which coffee 
is raised. (See pp. 35^; ) 



Photo by E. C. J. Mohr 

Fig. 145. Road from Rapang toward Enrekang, Southern Toradja Lands, 
Celebes. Folded layers of the older tuffs of the southern side of 
the great tuff contplex. Tuff here already full of quartz sand, slll- 
clouB iron, and slllcious rock fragments. Soil hopelessly poor, the 
terrain pretty well deforested. In tho distance a limestone reef. 
(See p. 355 .) 
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the surface and Into those depressions. 

The consequence is that deep gullies 
formed. The deeper these gullies, the 
less weathered and the looser was the tuff 
in which the gullies were formed. Severe 
gully erosion! But in view of the facts 
appearing in the discussion of erosion 
above in Part I we cannot be surprised at 
that. But we can hardly help being aston- 
ished at the depth of the canyon-like ra- 
vines which at times may be many hundreds 
of meters deep. (See Figs. 1^1-1^5») 

On Sumatra, around the Toba and 
Ranau lakes, and in the Padang Highlands, 
liparltic tuffs also occur but It appears, 
however, that the Baroepoe tuff has rela- 
tively more loose quartz crystals, and 
hence less pumice stone, which makes the 
soil very sandy. This, because of the 
diminished water capacity, is not so good 
for the vegetation. Perhaps this explains 
why on the Baroepoe tuff, as In the envi- 
rons of Taroetoeng, a much less intensive 
agriculture exists. In the discussion of 
Sumatra we shall go Into this question in 
more detail. 

Where the Baroepoe tuff lies flat- 
ter and hence is not being eroded too 
rapidly, the weathering has progressed 
further and has formed bright light red 
sandy lixivium ( V . a , I , --Wa . ( NN to nn),ae. 
(2-4)) with more or less coarse quartz 
sand. In the regions near sea level the 
syrface soil does not contain much humus. 
The higher the elevation however the cooler 
the climate, and the more humUs that re- 
mains in the surface soil. These and other 
details about this soil are excellently 
described by Paerels.^^^ 

Where the parent materials were 
more basic erupt Ives, in the form of solid 
lava streams or conglomerates or tuffs 
pressed in between other -rocks, the cus- 
tomary brown and brownish red soil types 
have been developed. Where the natives 
have cut the forests, superficial erosion 
has carried away these brownish red eluvla. 


here and there exposing very beautiful 
spherical exfoliation weathering of compact 
old andeslte^^^ (Pig» • Many, times the 
kernel of the sphere is still completely 
fresh, while the outermost shells, In 
which the structure of the rock is still 
distinctly recognizable, may be broken up 
and mixed together with only ,the fln^'ers, 
when it becomes completely "weathered 
soil" at the end without any other of the 
original minerals than some magnetite. On 
Java this phenomena Is seen much less often, 
for the simple reason that in general on 
that Island the andesites and similar rocks 
are much younger. 

* # * ♦ # 


Now as to the allochthonous soli 
types of the volcanic formation, --higher up 
in the mountains when they are derived from 
the basic members of the rock family, these 
are, of course, purer clay soils. And ju:P 
as on Java the natives have not lot a bit 
of such soils lie unutilized. The Toradja 
natives have made paddles on them, even 
high on the mountains (see Fig. l44, page 
563). In spite of the fact that it is 
warmer and there is more sunshine below, 
the lower one goes, the less the produc- 
tivity of the alluvia. This, however, is 
especially true of the smaller side valleys 
Along the very large rivers, such as the 
Sadang this does not apply, for these riv- 
ers carry sediment which is rich in both 
plant food and clay. But the fard:her south 
one goes the richer in white silica and red 
iron silica the gravel becomes. This was 
also the case in previous geologic times- 
From north to south the colluvia become 
continually poorer in plant food with more 
sillcious gravel, and in the sfiune way the 
alluvia of the short side valleys become 
continually richer in quartz resulting In 
less fertile loams. So it is comprehensible 


152 . Paerols, 1. c . , pp. 26-29. 

163. Compare also: Abendanon, 1. c ., pp. 171 and I72. , 

164. Abendanon, and in imitation of him also Paerels, describing similar spherical exfoliation, spea b 
tuffs with great bombs in them. It is possible that on other points there is agreement with thie 
conception, but the continuous running connection from "bom" to "bom" through all these shells, 
upon mo a still stronger impression, that all was originally one homogeneous rock mass. If need 0 . 
it may be accepted that the originally compact rock had first been broken through folding and preB 
sure into coarse breccias, which then still later became weathered. 





LA N D U SE IN TORAD JA REGION, CELEBES 


that in the higher lands around Rantepao 
and Makale much more fertile alluvia are 
found than in the lower hilly lands of 
Enrekang and Sldenreng (see Fig. i43, page 
-)Gj) • That in earlier times the natives 
living on these poorer soils were notori- 
ous because of their marauding and robbing 
incursions toward the north is, according 
to my opinion, not to be ascribed in the 
first instance to their nature as banditfj, 
but because, in comparison with the regions 
to the north and also to tlu^ west, their 
lands were so much poorer. Especially east 
from Rapang there is an extraordinarily 
poor district with an extremely thin popu- 
lation. For that matter the highway tra- 
verses an endless grassy waste the whole 
distance between Rapang and Enrekang. 

Around Pinrang is the Sawito plain, 
the extensive region where the sediments 
of ^he Sadang river have been dej^osited. 
Here is found a finer, more clayey allu- 
vium, especially in so far as it has been 
deflocullated and precipitated under the 
influence of the sea water. 


Evaluation and Utilization 
of the Soils 

In the preceding sections various 
things have already been stated which 
really belong under this heading*. This Is 
again evidence of how closely evaluation 
and utilization of the soil are cormected 
vlth the origin of the soil, with tl^.e par- 
ent rocks through the Influences of the 
climate, and with the factors which are re- 
lated to those Influences. There is the 
additional fact that from a distant geo- 
logical past to the present time the re- 
gion here treated has been a focus for all 
kinds of movements of the oartli’s crust,. 
This la also of great significance for 
vhat we must now consider. It is, of 
course, related to the fact that the land 
is so very rough that it is severely 
eroded. As a consequence, here really old, 
ihlck, senile soil types could never fully 
develop — as, for example, in Russia, or 
ihe U, 3. A., or Brazil, or great regions 
in Africa. Before the soli becomes senile 
ii is washed away. Thus the autochthonous 
30113 are still relatively juvenile, and 
as fertile as they can be. That 
however leaves something to be desired, 


for since the parent rocks are not rich in 
mineral nutrients, the soils developed from 
them are not very fertile. This is the 
case on the purplish red Maroro formation 
and even more so on a terrain formed as a 
colluvium of silica sand washed out from 
this formation. But on the volcanic forma- 
tion the conditions are much better, al- 
though still not so excellent as those on 
Java, where the youngest eruptions invari- 
ably give rich, basic efflatas. In the 
Southern Toradja Region, however, the more 
basic erupt Ives belong to an earlier time, 
so that the efflatas ejected have dis- 
appeared from the scene, either by ero- 
sion or by weathering followed by erosion. 

In some cases they have been covered by 
youni-^er material, and then have been com- 
pacted to hard tuffs and conglomerates. 

The youiiger Baroepoe tuff, presumably 
ejected by Mts. Karoea and Marlri and per- 
haps also from other craters, however, is 
much more acid and is more comparable with 
the liparitic tuffs of the' Batak lands and 
the Ranau region of Sumatra. Agricultur- 
ally this ash is inferior to that of the 
young basic ash of Java and Ball. This is 
because of the lower water holding capacity, 
the slower weathering, and the lower con- 
tent of the plant nutrients, Ca, Mg, and 
especially P. 

Otherwise, the case is the same as 
elscwliere, namely, what the rain water 
carries to the rivers as sediment is always 
the best; hence the alluvial plains of the 
Southern Toradja Region, soil material of 
whicli originated from the volcanic region, 
as well as also from the limestone reef 
are, in general, fertile and in consequence 
are usually under cultivation, especially 
as paddles. Yet there is the following 
difference between t.lu^se regions and the 
mountair paddy districts In West Java, 
where the farmers plant one crop of rice 
right after t iie other, without any rest, Ing 
period for the soil. Here in the Celebes, 
as we read in t.he "Report of the Agricul- 
tural Sect. Ion for (]'. ^43): "in the 

plains of Rante Pao and Makale ... excellent 
harvests are obtained. Much of the higher 
lying mountain paddy was seriously affected 
by "root rot," which apparently must he 
ascribed to tlie custom of the Toradja 
farmers of keeping tlie paddles flooded 
during the entire year." Tills roco rot is 
also known on Java, particularly on the 
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very heavy loams or clay loams, with a 
large amount of extremely fine quartz 
flour, which are difficultly pervious for 
water, and which have a low air capacity. 
Root rot almost never occurs on soils of 
purely volcanic origin. This also appears 
to he the case here In the Toradja lands. 

Meanwhile, how cautious we should 
he In the drawing and accepting of simple 
conclusions! For In a Report two years 
later we read, ''The bad stand of many 
paddles (in the Toradja lands), which or- 
iginally was ascribed to holding the soli 
continuously under water can be entirely 
cured In the beginning by a suitable fer- 
tilization. " Nov It would not surprise me 
If additional experiences In the future 
would make the quotation read as follows: 
"The bad stand of many paddles which or- 
iginally was ascribed exclusively to hold- 
ing the soil continuously under water can 
for the greater part be cured In the begin- 
ning by a suitable fertilization.” 

As to the Rapang region, a few 
particulars about It will be Included In 
the course of the treatment of the Lake 
Region. 


* # ♦ ♦ * 


[It Is greatly regretted that be- 
cause Paerels* paper Is unavailable we 
cannot here give a resume of hls^ ® de- 
tailed and excellent soil description. 

Every Hollander who Is Interested In the 
details regarding the Southern Toradja Re- 
gion, always first obtains that publica- 
tion. --Translator.] Appended to his paper, 
Paerels^^^ also states very clearly how 
the Toradja native uses his land. It may 
be briefly summarized as follows: most of 
the allochthonous lands, which are .the 
best are occupied by paddles. Unlrrlgable 
terrain Is. planted to the usual food crops 
such As maize and tuberous crops, as well 
as "planted” with fish. The one commercial 
crop which produces an Important export 
product Is coffee. 

It Is notable that coffee. 


C. arablca , apparently grows Independently 
of the nature of the parent rock or or the- 
soils, for one finds plantings on very 
vergent rocks; such as — 

1. on the old andesitic Sesean Boeloe- 
manoek complex to the vest of Ran- 
tepao; 

2. on andesitic conglomerates and tuffs 
of the Sadoko complex, to the west 
of Makale; 

5. on the llparltlc Baroepoe tuff of 
the Karoeva and Marlrl, to the west 
of the terrain mentioned under 1-- 
above; 

4. on similar sorts of tuff at Llmboeng 
In the north; 

5. on limestone In the Ambesoe complex, 
southwest of Makale; 

6. on the same sort of limestone of tne 
Doell limestone reef, to the west of 
Kalossl; 

7. on granite detritus, around Mamaasa 
and more to the vest as far as Arale; 

8 . on the core of the Latlmodjong moun- 
tains, especially on gabbro detrltuij; 
but not on the Maroro formation; thhs 
Is obviously too poor. 

In contrast to this Indifference to 
most rocks, the distribution of coffee Is 
certainly governed by the elevation. Pae- 
rels gives the most favorable elevation as 
being between 800 and 1,600 m. and adds 
that the most excellent plantings lie 
above 1,000 m. At the same time there Is 
also a pedologlcal factor connected with 
this. The higher the elevation, the more 
organic matter the surface soli contains, 
and since humus makes up for certain short- 
comings of the soli, good humus consequent- 
ly exercises a predominating Influence. 
Even the native of Toradja knows that; he 
works to retain and Increase the humus in 
his soll.^^® The first he accomplishes hy 
surrounding his coffee trees with plies of 
stone, so that in the course of time hy 
erosion of the higher land a little terrace 
of richer, more humous surface soil forms 
around the tree. He thus applies the metho 
which, elsewhere In this book (pages 


155. Verelag over 1928 der Afd. Landb. v/h Dept. L. N. en H., p. 58I. 

156. Paerela, 1. 0 ., pp. 15-53 • 

157. Idem, 1. 0 ., pp. 56r59. 

158. Paerela, 1. c ., p. 58. Compare hie Flgt. facing pages 48 and 64. 
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244), was recommended for the highlands of 
Flores* And he Increases the humus by 
heaping up around his coffee shrubs weeds 
and grasses collected from the pastures. 

Even rotting plant remains are brought 
from the forest to be placed about his 
hushes. This Is a notable example of pedo- 
loglcal Insight, which Is completely lack- 
ing In the case of many other peoples, even 
Europeans, who consider themselves to be 
much superior In "culture" to the natives 
of Toradja. 

Meanwhile It appears that there la 
need for devoting much care to the soil 
for even after he has fertilized his crops 
with what manure he can collect from his 
vater buffalos and cattle, the Toradja 
coffee planter obtains only a modest har- 
vest. The climate, which has only an In- 
completely dry monsoon. Is not unfavorable 
to the coffee. It causes, however, con- 
tinuous leaching of the soli. 

It would be Interesting to deter- 
mine whether or not on the above-mentioned 
six types of parent rocks there are notice- 
able differences in the quality and yield 
of the coffee. These comparisons should 
be made under conditions of elevation, 
rainfall, and methods of cultivation which 
are in other respects equal. As yet that 
region is not far enough advanced for this 
question to be answered. 

6b. South-Southwestern Celebes 

Geographically this peninsula is 
cut off by a line through Polewali and Pa- 
loppo. But since the Latimodjong moun- 
tains have already been considered In the 
preceding section, we will discuss the re- 
gion to the south of the line between Slwa 
and the mouth of the Sadang river. We may 
divide this region into three parts: (l) 
the low strip In the north; (2) the Lompo- 
batang volcano and the region to the south 
which Is under the influence of this moun- 
tain, thus to the south of the line between 
Makassar and Slndjal; and (3) the central 
st-i^ip between them. 

This central strip is character- 
ized by a rough mountainous region with 


complicated mountainous land along the 
whole western part, by the Bone Mts. in ' 
the east, while in the center is the wide 
valley, down which flows the Walanae river. 

Several very low ridges divide the 
lower northwest Into several plains. First 
is the Sadang plain. Southeast from it the 
Lake plain, and still farther southeast the 
Tjenrana plain extends to Pallma, North 
from this last plain there is a district 
of low rolling to hilly land with some 
coastal plain. 


Soil-Forming Rocks 

These rocks may be found in the 
Western mountains and in those lying to the 
east of the Central portion, as well as In 
the south. The only part of the north 
which is of any importance at all In this 
connection is the northeastern hilly land. 

Toward the south the moderately 
high Western Mts. spread out so that these 
join the Bone Mts. and the Bontorihoe Mts. 
to the north of Lompobatang. The impres- 
sion is that that older massif had formerly 
extended much further south, but that in 
the south it has been covered over by the 
younger products of the volcano Lompobatang. 

In the western mountains, as in the 
southern half of the Bone Mts., the prin- 
cipal rocks are tolerably basic erupt Ives, 
andesites and basalts. Apparently a large 
proportion of them originated in Old Ter- 
tiary time. Perhaps associated with them 
are still older rocks, --certainly there 
are also younger ones. More acid forms 
such as daclte and liparite seem to occur 
but seldom. They are found practically 
only in the east, at Cape Patiro. More 
important, however, are the rocks richer 
In alkalies such as phonolite and a number 
of other leucite-containing rocks. The 
Peak of Maros is the classic terrain of 
such rocks. Whoever wants to know more 
about this should read the account by 
Rutten^^^ and the special treatment of 
the geology of Central Southwestern Celebes 
by Van’t Hoen and Ziegler. For analyses 
see Table 24, page In addition a num- 

ber of other samples from P. and F. Saras in 


^*^9. L. M. R, Rut ten, Voordr. Grool. Ned. 0. -Indie (192?) » P* 554-557 • 

^ 60 . C. W. A. P. 't Yoon and K. G. J. Ziegler, Versl. geol. en Mljnb. opepor. Z. W., Celebes, Jb. Kljnw. 
N* 0, I. (1915), Verb. II, p. 255-554. 
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Photo hy E. C. J. Mohr 

Fig. l46. The Lake region, Celebes. Landscape north from Seengkang, 
In Wadjo; with Tempeh Lake In the distance. Allochthonous soils with 
much fine gravel of white silica and rod Iron silica, almost Impeme- 
trable by plant roots. Tree vegetation only along the water courses, 
elsewhere only very miserable grass. (See pp. 567; 5^0, 5 BI.) 


were analyzed by Hlnden.^®^ In the forma- 
tion of soils these leuclte rocks do not 
behave much differently from andesites and 
basalt. The kinds of soils developing from 
them will In the beginning be merely some- 
what richer In calcium, but more regarding 
that later. 

Besides those rocks, relatively 
young leuclte rocks occur sporadically. 

In the western mountains there are two 
occurrences of older crystalline schists, 
a larger deposit lying east from Pangka- 
djene, and a smaller one southeast from 
Soempangblnangae . These rocks are made 
up of gneiss, as well as of a number of 
other schists, with the following minerals: 
quartz, mica, chlorite, epldote, glauco- 
phane, hornblende, and garnet. Even marble 
occurs In these schists, at other times 
serpentine. Quartzltlc sandstones of dif- 
ferent ages are also found, In the neighbor- 
hood. Eocene rocks and younger limestones 
occur over a much larger area with their 
characteristic landscape forms. 


In the south, from the vicinity of 
Slndjal to close to the highway between 
Oedjonglamoeroe and Watampone In the north, 
the Bone Mts. consist of the previously 
mentioned old andesites with a much smaller 
proportion of other rocks. Thus far leu- 
clte rocks have been found at only a few 
points; schists never; old sandstones and 
limestones only along the western margin. 

Farther on toward the north, how- 
ever, the Bone Mts. continue as a lower, 
Neogene limestone mountain range, consist- 
ing of coral limestone which has developed 
Into a beautiful example of karst topogra- 
phy. Besides these, around the coral lime- 
stone region more or less tuffaceous fora- 
mlnlferal chalks also occur. These extend 
out both far to the south In the valley of 
the ValanaS, and also east from the Bone 
Mts., to close to Mara toward the south.-- 
North from the Neogene chalks and marls ; 
however, there Is the low rounded sand- 
stone country about Wadjo. Here and there 
these rocks might quite properly be called 


161 . C. Schnldt, Gestelne d, Plk van Karos: In P. and F. Sarasln, Bntw. googr. geol. Beschr. d. Insel 
Celebes (Wiesbaden/ 1901). 
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pravelstonea (see Fig. l46, :)a/’;e 370) . . 
According to Wlclunann^^'^ these deposits 
had heen formed from material resulting 
from transgression of the sea and wave 
erosion. They consist of ’’the rubbed up 
material of crystalline schists mixed with 
younger eruptive rocks.” Wichmajui believed 
then (1B95) that the Latimod jojig Mts. which 
he had seen only from a distance, were vol- 
canic, and he did not realize that the ma- 
terial which formed these sandstones could 
have come from that direction. At present, 
now that we know much more about the above 
mentioned mountains, as well as more about 
the volcanic mountains lyint' not only to 
the east but more especially to the west 
from them, which we have already described 
under the Southern Toradja Region, we know 
that the source of the material of all 
these sandstones and gravelstones lying to 
the north, northeast, and east of the 
lakes, is in the crystalline schists of 
the Latimodjong Mts. and the other erup- 
tive rocks In the southern Toradja Region. 
Tiius we find a connection, not during 
years, but during long geological periods 
of time, between the always extensive de- 
posits of all sorts of allochthonous, 
mixed sediments, which have already been 
discussed (pages 361-366). 

If, finally, we consider the ande- 
sitic and basaltic effusives and efflatas 
from the Lompobatang volcano, witli their 
conglomerates and tuffs, then we have 
included practically all the soil-forming 
rocks . 


C limate 

Because of moving farther from the 
equator and coming closer to those portions 
of the Archipelago whlcli are strongly under 
the Influence of the southeast trade winds, 
tt is Understandable that southwestern 
Celebes, especially toward the south, ex- 
hibits more differences of climate than 
Central Celebes. Moreover, the form and 
position of the land wltli respect to the 
east and west monsoons causes marked clima- 
tic differences. In this connection the 
^’ainfall figures (Table 82, page 3Y2) are, 
indeed, very Instructive. 

The wet west monsoon has tlie most 


effect on the west coast where, after 
leaving. Borneo it can blow over a large 
expanse of the Java sea, and then is forced 
up by the mountains lying in from the coast. 
Thus the rainfall is moderate at Pare Pare, 
heavy at Pangkadjene, and again weaker as 
the coast bends around more to the south- 
east. The least precipitation is in the 
eastern part of the low plain, at Faria, 
Seengkang and Palima in Wadja, although 
even there, more than enough rain falls to 
keen the. soil wet. 

In the beginning of the east mon- 
soon, in May and June, heavy rain falls 
along the east coast and also more in the 
Interior (Blkaroe). But later in Septem- 
ber there are but few places in south- 
western Celebes where more than 60 mm. 
falls. During this time the west coast 
to as far as Maros has at most 3 months, 
of an average rainfall under 60 mm., 
though the southwest coast has as many as 
4 to n months of drought. The most south- 
erly point Djeneponto with but 4 months 
above 100 mm. is the driest places in all 
of soutJiwestern Celebes. 

Hence, along the southwestern 
coast the soil dries out annually to a 
very marked degree. Consequently the con- 
ditions for plant growth closely resemble 
those of many places in the dry Smaller 
Soenda Islands and Southern New Guinea,. 
Therefore it* should cause no surprise to 
find between Takalar and Djeneponto on 
natural, unirrigated land the same savanna 
with palmyra ijalms ( Borassus flabellifer 
Linn.) (see Fig. 147, page 373) . 

In the low plains in the ^orth 
there are no definite months when it al- 
ways rains heavily, but neither are there 
regular long continued droughts. Where 
the soil is quite flat and is not very 
pervious alluvium, it makes little differ- 
ence whether 100 mm. or 3 00 to 700 mm. 
falls, for when more water falls than the 
soil can take up, the excess runs off over 
the surface. This is the case at Rappang, 
which has a total rainfall' of 2,241 mm. 
and a continuously wet climate. Parla with 
1,77‘3 mm. is of course also wet. Provided 
the average rainfall figures over a series 
of years really did indicate the true con- 
dition from year to year, there could not 
occur in this low land an Intensive and 


^62. A. Wlchmann, Die Blimonseen von Celebes, Pctoim. (Mitt. , 1893)? P* ^8l. 
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Photo "by E. C. J. Mohr 

Pig. 1^7 ‘ Southern Celebes. Between Alooo and DJeneponto. In the 
lee of the east monsoon. Long dry season. Good “black earth" from 
volcanic tuffs and conglomerates on convex terrain, with a natural 
stand of palmyra palnis (Borassus flabllllfer ) . (See p. 377*) 


deep drying out of the soil, such as Is 
general along the southwestern coast. But 
this la an assumption which is not valid. 
This question has already been considered 
in discussing Halmahera (see page 310) . 
This is, perhaps, one of the reasons why 
in southwestern Celebes, along the coastal 
plain from Makassar to Boeloekomba a con- 
tinuous forest does not exist as natural 
vegetation, although according to the rain- 
fall figures It ought to (see Fig. 1^9, 
page 580 ) . However, there are also other 
reasons which will be discussed later. 


Forma In Which Weathering Occurs 
and Resulting Soil Types 

Apart from some trachytes, phono - 
llte and bostonlte which, judging from 
the limited area In which they occur, have 
had only a relatively small part In the 
formation of the soils, most of the rocks 
are predominantly basic Igneous rocks with 
an PeO content which Is usually between 5 
^nd This Indicates that the lixivium 
®oil weathered from them doubtless still 
Contains enough Iron hydroxides for It to 


be quite pervious (V.b.-«(He to Ma)(NH to 
Hr ) .ae . (2-4) ). In only a few unimportant 
points does the elevation exceed 2,000 m. 
From the pedologlcal standpoint the rocks 
are all quite old and only through erosion 
have some spots recently been exposed. 

Here, of course, the weathering stage Is 
still juvenile. The general picture Is 
thus of much brown and especially red lixi- 
vium on the Bone Mts. as well as on the 
Western Mts., and on the Lompobatang Mts. 
and their outliers. 

The material which the rivers, 
because of the erosion, carry away from 
that region consists of red slit gradually 
becoming brown, magnetic Iron sand, and 
(especially from the tuffs and conglomer- 
ates) rock gravel and stones. The cobble- 
stones rolling along the river beds thor- 
oughly grind up the gravel. Thus rivers 
flowing out from the tuff region seldom 
deposit completely weathered sand-free 
clay, but rather because of the content of 
powder from feldspars, auglte, and horn- , 
blendes they deposit a more or less juven- 
ile loam, though It may often be a heavy 
loam. Besides that, however, they often 
deposit small sand and gravel banks, which 
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are originally not farther along than the 
first or second weathering stage. The 
plain of Goa is a typical example of a 
heavy loam of this sort which, even yet In 
the east, close to the hills, possesses an 
astonishingly large content of weatherable 
constituents . 

The rocks containing alkalies and 
alkalies plus CaCOs give rise to similar 
kinds of lixivia as do the andesites and 
basalts. Perhaps the trachytes relatively 
poor in Iron give rise to a somewhat paler 
soil. In the beginning a pale yellowish 
brown, later more of a light red, but the 
character cannot differ much. The plagio- 
clases and augltes are almost always just 
about the same, though those rocks may be 
somewhat richer In alkalies, especially 
potassium. One should perhaps expect that 
the clay minerals of these lixvla should 
possess considerably more potassium In ab- 
sorbed form than the lixivia from ordinary 
andesites and basalt. Yet this is not so 
probable as It appears at first sight, be- 
cause the leuGlte, which at the first mo- 
ment supplies the K, weathers much 'more 
rapidly than the feldspars, which must 
absorb the potassium. So It appears quite 
probable that even with tne free silicic 
acid liberated at the same time, the po- 
tassium Is to a considerable extent washed 
out because enough absorbent has not yet 
been developed. These questions are still 
however all a matter of speculation, for 
experimental data are not yet available. 

The old, mostly Eogene limestones 
of the Western Mts. have been so Incised 
along the top through unequal erosion and 
weathering that even on the newest topo- 
graphic maps they are shown as ’'impassable 
limestone terrain." There is thus good 
reason why apparently no one has yet made 
any observations relating to the soils on 
these rocks, let alone having recorded 
anything about them. 

We must, therefore, be satisfied 
with the supposition that ultimately there 
will develop a soil, and It will have ad- 
mixtures from the limestone (tuffaceous 
layers. Intrusions, etc.), plus what was 
blown onto It (volcanic ash during the 
time when the Lompobatang volcano was 
still active; and additional dust, who 
knows from how far?). Doubtless the soil 


Is concentrated In deep pockets, between 
which there tower the bare rocks without 
any soil. It may be expected that here, 
just as elsewhere, this nummulltlc lime- 
stone Is tolerably jjervlous, so that the 
soil Is either a terra rossa, or In case 
the tuffaceous parent material Is especi- 
ally poor in iron, the resulting clay will 
be plastic, and dark brownish-black. 

We find an entirely different i^lc- 
ture in the Neogene terrain around Bone. 

The limestones from coral and the surrounj- 
Ing marls apparently disintegrate easier 
than the older, harder. Eocene limestone. 
Also the central limestone woatliers int,o 
numberless little peaks which on Java would 
be called "Goenoeng Sarlboe." The farther 
one goes toward the edge of this region, 
however, and farther Into the long, flat 
Walanae valley, the richer the marls be- 
come In clay and fine tuff material, and 
the more gentle are the slopes of the 
hills. The soli, which In the center, on 
the tuffaceous limestone, Is still more 
reddish brown ( t K --Wa , NN , ae . ( I -3 ) . ) , gocL; 
more and more over into pale brownish yel- 
low and flecked yellowish gray marl llxi- 
vlun. (M--HC .nn , (ae to am). (1-3).). Thcr;' 
is more fertile loam which, moved by ero- 
sion to some other place. Is deposited a.: 
an equally pale ochreous colored loam or 
clay. If this soil material happens to [-t 
deposited under ampliiblan or even under 
svibaquoous conditions, the Iron becomes 
movable and the ground bleaches and becom:; 
gray, as Is the case In the low plain ol' 
Soppeng and In the low flat Tjenrana river 
valley. In such soils, Iron concretions 
obviously must occur, and most likely as 
hall or bean ore . On the other, the west 
ern side of southwestern Celebes, througl- 
out the flat coastal plain from Panp^kad.ic.M' 
to close to Makassar are found more boaui ’ - 
ful examples of ore of these kinds. 

On the Makaraeng estate, a LlttU- 
to the south of Maros, there is known to be 
a deposit of ultimately utllizable Iron • 
As early as 1906, through the then Asslr, 1 - 
ant Inspector of Native Agriculture, de 
Savornln Lohman, I received samples from 
this deposit. In 191;^ this ore was sLudiod 
carefully from the economic standpoint , It' 

‘T Hoen and Ziegler, ^ who wrote about i ’ 
as follows; "in the plain unfortunately" 


163 . ’T Hoen and Ziegler, 1. c ., pp. 290-291. 
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(it does not appear to me that it is neces- 
sarily unrortunate--E. C. J . M.) "ordinar- 
ily In rice fields hetveen lateritically 
weathered small hills of tuff" (which thus 
apparently have always remained above the 
ground water level--E. C. J. M.) "are 
found formations of llmonlte, which re- 
semble bean Iron ore deposits. The ore in 
its original form consists of a reddish 
brown mass of coarse hail-like limonite 
grains, caked together with clayey Iron 
oxide constituents. Each grain in itself 
consists of a brown iron ore shell 1 to f 
nun. thick, surrounding either a dark browti 
powder, or a weak, sandy t uffaceous mass." 

"The caked-together mass becomes 
disintegrated by flowing water (for exam- 
ple, by the paddy irrigation water, so t!iat 
limonite grains which are spread everywhere 
through the dark gray soil of the paddy 
fields are worked loose and are washed out 
in a relatively pure state." (in 11)06 
there was sent to me a s. ample of such 
washed out grains, of the size of dun peas 
and brown beans, but their color was not 
reddish brown, rather dark chocolate brown 
to brownish black.) "Pieces are found 
which consist merely of enlarged llmonito 
grains. The average size of these grains 
is about t) mm." 

To supplement this description a 
few words are quite necessary to give a 
clearer idea of the material. It soen’s 
very Improbable tliat. a relatively liard 
limonite shell stiould deposit Itself uy-nn 
and around a "brown powder" or around a 
"weak, sandy-tuf faceous mass." Howeverp, 
wlien we see on the very simple sketch maj 
of *T Hoen and Ziegler on page 291 of 
their paper that "limestone" is recorded 
everywhere it. the " li ttle tuff hills," then 
it may perhay^s not be too hazardous to sut - 
pose that the original kernels of the bean- 
yhaped limonite grains might have had a re- 
sidual grain of limestone, or even a grain 
of sandy tuf faceous carbonate. In tiie 
course of a long time this lime would liave 
hecome leached out, and perliaps In tlie 
apace left some earthy iron hydroxide was 
Precipitated. It is however also possible 
that as a starting point hard lime concre- 
tions had existed in the soil, from which 
aimilarly in a later stage tlie precly-itat.ed 
oalclum carbonate had subsequently been 
dissolved and carried away by water poor 
tn lime. 


m. 

It s i 1 o u 1 d (7 a u s e no s u r v 1 s e thin t 
witii the considerable dilution, wiilcn 
occurs as a result of the act. ion of iiio 
circulating water from the heavy west 
monsoon rains, tiie "caked together masses" 
in the paddy soil are dispersed. At sucii 
times the clay obviously becomes hydrated 
to the maximum and then is weak, added to 
wliich is tlie trampling of men and of water 
buffalos. Tills mechanical disintegration 
accelerates the effects still more, 

’T Hoen and Ziegler aims give 
three analyses which were :r;ade in the labora 
1 0 vj of the Mini ng Bure a u ( s e e T ab 1 e S.i , 
-ag;e 97G) . But without, p.ore data than 
t. h e 3 e anal y s o s g 1 v e , it. i s u n f o r tuna t e 1 y 
not possible to give an idea of the min- 
eral c omp 0 3 i t i on . Wha t does ’ ’ i n s o 1 ub 1 e ’ ' 
mean?--Presumably the s.ample was heated 
with strong hydrochloric acid, but strong 
sulfuric acid or !.>otasslum blsuifate may 
iiave been used. --And has tiie silicic acid 
whlcii lias been determined resulted from the 
solution of these era is analyzed? or is 

it from th.at nortloii 'j-f the sam. le not at- 
t.aci-ced by tlie solvent? --In wiiat. form did 
the Al^O'-: occur in tlie original prepara- 
L ion? --witii wiiat, substances siiould the 
'•or.blned water be thought of as having, 
laien comtjined?--In short, a fractional an- 
alysis according to Van Bemmelen, would 
perlia’ s liave given a better idea of the 
real nature of tiie sample. At present, we 
iiust be sat, 1 3 fled with the Tiresumi 1. 1 on 
tiiat. t:ie material is from about a half to 
t.hree-quarters FcoOli. Another point of 
importance is the fixing of about 1/2 of 
P;:0-. In tnese iron concretions, whic'n means 
th.at tlie F so fixed must be considered as 
i.ract, ically unavailable for the vegetation. 

in conclusion allow me to quote tiie 
following’ Orem >T Hoen and Ziegler ( . 2wl) 
"Such bean iron ore deposits, brown iron 
'■’re concretions" (does It seem tiiat, f, ne 
analyses siiow' enough combined water to be 
|)resent?--E. C. J. M.) "in lateritlc soils 
are frequently to be i’oue.d In low regions 
of rod c’lay whicli are surrounded by lime- 
stone on the west ccnist (Mai*os, Pangkad- 
jene, Podo in Barroe), also on tlie Bone 
coast (at Teko), This is entlr('l^s’ in 
ayroe.jnit wit''; what has nlroady bOvUi stag’cd 
above in more general torn's (p g^'s v g 
iBO, and ..5Y'*0 • However the qua i i f i ca tl oii 
that the surroundings should be of liiie- 
3 tone may ■ resumP.bly be omitted. 
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Table 63 


BEAN IRON ORE FROM MAKARAMG (MAROS) 


Number 

I 

II 

III 

Place 

Collected 

In a Paddy, Just above 

In a Paddy, 

In a Paddy, to the south of 



a pasture field 

1 southeast 

estate house from a bore 




from No . 1 

hole 1.5 m. deep 

Nature of the 

Compact bean ore of 

Same as 

Clay with loose Iron ore con- 

G ample: 

limonito grains caked 

No. 1 

cretions; analyzed after the 



together with laterlto 


washing out of 17.28^ clay 

"Insoluble" 

17.13 


8.72 

of which SiOp • • • • 

11.72 

12.28 

8.20 

Fe^O.a 


31.33 

51*. 78 

Tit. 88 

AljOa 


17.01 

15.96 

3.86 

Crg 03 


0.08 

0.06 

O.Olt 



trace 

trace 

trace 

P^O. 


0.3I+ 

o.jl* 

o.it9 

HoO +1 



9.61 

8.58 

9.47 

- 

100 

4.22 

2.67 

2.28 

Insoluble, No SiO;? 

5.43 

5.16 

0.52 

Total 

99.96 

99.85 

99.7't 


In their "Soil Researches of the 
Regions outside of Java"^^"^ to which we 
have already repeatedly referred, C. H. Van 
Harreveld-Lako and A. Arrhenius recorded 
soil types with very many iron concretions 
from the environs of Boeloekomba, and for 
that matter also from the south foot of Mt. 
Lompobatang, where, in so far as is known 
there is no limestone at all. In general 
this paper is of great significance in this 
connection, since, in the description of a 
number of parts of the plain of southwest- 
ern Celebes, the authors record details 
which admirably illustrate the general con- 
ceptions we are presenting in this book. 

For example, with respect to the plain of 
Goa they state that;^®^ "in the southern- 
most part of the plain, in the neighborhood 
of the Sanrabone river, and especially 
along its southern bank the soil becomes 
heavier. Here is found heavy brown clay.... 
farther southward this becomes still heavi- 
er.... and in the neighborhood of Takalar 

the soli Is almost black Under the 

heavy clay, at a depth of one to m., 


the soil is coarse and sandy and contains 
weak shells and half-consumed residues of 

an old swamp forest " 

The farther south one goes, the 
darker becomes the color of the increasingly 
heavier soli ranging from gray through brown 
to black. It is possible that this black 
soil at Takalar Is a brackish water alluvium 
and was deposited in a coastal swamp. But 
it Is also possible that the color is con- 
nected with the relatively dry climate, 
which becomes still drier toward the south 
and southeast (cf. page 37^)* Beyond the 
Goa plain, between Takalar and Djeneponto 
there Is a hilly terrain which, In spite ol“ 
the fact that it consists largely of erup- 
tive rocks. Impresses one as being an out- 
lier of the Western mountains toward the 
south, rather than belonging to the Lompo- 
batang complex. Not only the trend of the 30 
Western mountains which, In general, seems 
to be north and south, points toward this^ ^ 
but also the abundant occurrence In them of 
zeolltlc veins and cavity fillings. In ad- 
dition there Is often so much chalk that tiie 


I6h, Meded. Proefst. Java-Sulker-Ind. , No. ( 1927 ); Arch. 8 . Ind. N. I., Ill ( 192 ?), PP« 709 - 828 . In 
that see especially pp. 801 - 802 . 
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rocks may be called marly tuffs and con- 
glomerates. Even tuffaceous marls and 
veil stratified, calcareous marls have been 
seen. But the soils on them are not 
brighter red, as at Maros, but rather are 
darker, a gray brovn. The richer in cal- 
cium the tuff marls are, however, the 
blacker the soil which lies on them. Van 
Harreveld-Lako and Arrhenius refer thus to 
these soils: "On and between the hills 
the soil is a very heavy, black clay, some- 
times gray to almost white; usually the 
arable layer Is deep." Especially all of 
the rolling country (see Fig. 14'/, page 
yj^) , with many flat portions, to the 
south of the highway between Tamanroja, Ba- 
lang and Djeneponto has this black soil 
(ml or tM"-He .nvv.ain.3 . ) which is so common 
on the Smaller Soenda Islands, while on 
Celebes at Limboto and Loevoek it is a 
curiosity. With tije smallest annual rain- 
fall of Southern Celebes, Djeneponto has 
consequently the longest and the most se- 
vere dry monsoon. On marls as the subsoil, 
I have observed e black soil 60 cm. thick 
at most. While on purer limestone where 
the soil was very thin, less than 30 cm., 
it was a dark brownish red. But even here 
if the soil was thicker U was likewise 
black. All of this black earth was con- 
spicuously loose and crumbly. One wonders 
if there is not at times a considerable 
amount of wind erosion during the fierce 
southeast monsoon. Can this be the reason 
why there is so little soil on the marls 
and limestones ?--If that is the case a 
great deal of the weathered material from 
these low hills must be carried away by the 
southeast wind toward the Goa plain, and 
3ince the surface soil was always dried 
out, that process must certainly have 
greatly enriched this plain. 

Eastward from Djeneponto the marly 
tuffs are quite quickly replaced by hills 
'and ridges of eruptive material. These 
hills also are covered by black earth on 
to about as far as Togo, although farther 
on, in the direction of Bontahng, the soil 
Is exclusively a reddish brown lixivium. 
Apparently the effect of the pure Lompoba- 
tang material is to give greater pervious - 
ness which brings about intermittent or 
continuous leaching. Here "around the 


corner" the total rainfall is also still 
small, yet Bontaeng has a much shorter 
dry season than Djeneponto and twice as 
many months with the rainfall above 100 mm. 

In the meantime the question cannot 
be answered definitely as to whether or not 
the occurrence of the black earth is re- 
lated to a definite parent material rather 
than to a definite climate. It appears to 
me that it Is most probably not a question 
of "either. .. .or, " but rather of "both.... 
and." The climate is responsible for the 
conditions of water movement (N.r--or 
n.vv--). The parent material is marly, 
which might well bring about an alkaline 
reaction, a pH higher than 7* The location 
of the soil in low places with only weak 
convexities of the terrain means that rain 
water once taken up does not either run off 
rapidly nor does it percolate down through. 
Instead the water Is held tightly until it 
is again evaporated. 

In addition, the soil of the west- 
ern coastal plain (see Figs. 27 and l48) 
shows all kinds of Interesting peculiari- 
ties. One should be Inclined to suppose 
that black clay occurred there extensively. 
This la, however, very far from being the 
actual case. Of all the samples described 
at that time by Van Harreveld-Lako and 
Arrhenius there is only one (No. 2932), 
which might ^be called heavy. And even 
this one is a subsoil from at least 1 ra. 
below the surface. All the rest of the 
samples are loams, ranging all the way from 
heavy loams to slightly loamy sand. 

The reasons for such textures may 
be surmised. The rivers coming out of the 
mountainous land, especially those which 
flow out from the region of old schists 
and sandstones lying behind Pangkadjene, 
carry out not only colloidal clay but also 
much quartz powder and quartz sand. As 
soon as these streams reach the plain the 
coarser material is naturally the first 
to be deposited, while the finer is de- 
posited farther on, more to the west, and 
the colloidal clay settles out especially 
along the coast, where the salt sea water 
causes the clay to flocculate. Hence, 
east of the highway, more of the soils are 
loams and sandy loams while to the west is 
found the heavy clay. Naturally, strips 
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Photo hy H. J. Lam 

Fig. 1^. Southern Celehes, View from a limestone mountain which 
stands out by Itself on the west coast, over the plain of abrasion 
and the limestone mountains lying behind It to the Peak of Maros (vol- 
canic, leuclte rocks). (Cf. Fig. 27, p. 158 .) 


of sand cross both localities from east to 
vest . 

Here east of the highway the na- 
tives have laid out a large proportion of 
their paddles. Hence, samples collected 
from the localities where paddy Is grown 
are especially apt to have a loam texture, 
as was the case with Van Harreveld-Lako 
and Arrheniuses samples. 

But there must be a reason why the 
natives prefer these loam soils to the 
heavy clays--the3e lighter soils must be 
more fertile. Quartz powder and quartz 
sand do not bring much glory to a soil! 
Hence we must conclude that these soils 
must also contain much fine tuff material; 
as well as, of course, some chalk from the 
limestones . 

A factor not to be underestimated 
is presumably also the fact that the parent 
material (cf. analyses of the leuclte rocks 
Table 24, p, 38 ) Is relatively rich in 
phosphorus and that the rocks are also 
quite rich In Iron. If the detritus be- 
comes weathered under amphibian or sub- 
aqueous conditions then there Is every 


chance that Iron phosphate will be formed, 
l.e. Pe concretions containing P. In such 
a state the P which Is precipitated Is 
only difficultly. If at all, available for 
the vegetation. However If the soli is a 
lighter loam, then the fixation does not 
proceed so far. Por example let us com- 
pare the following analyses (Table 84, 
page 579) 

Although the contrary might well 
be expected, the heavy clay here appears 
to be the least rich In P. 


* * ♦ * * 


When discussing the climate (page 
371 ) It was stated that In spite of the 
fact that over many years they have aver- 
ages of only a few "dry” months, the low 
flat parts of central and northern South 
Western Celebes may nevertheless suffer a 
considerable drought during a series of 
years, after which one wet east monsoon 
with heavy showers suddenly brings the 
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Table 84 



1 

. 


P..I 

0^ 

No. 

Horizon 

Description and Location 

HCl 

Soluble 

Citric 

Soluble 

2933 

Surface soil 

Gray, light loam. At Baroboro, 
West from Mar os 


0.022^ 

2952 

Subsoil 

Dark gray heavy clay. At Pa ka- 
li, east from Maros 

0.l35!t 

0 . 007 ^ 

2936 

Surface 

Yellowish gray, light silt loam. 
West frem Arvirang, and south 
from Maros 

o . 194 > 

0.01 1^ 


rainfall Lack up to the average again. For 
example, if we go into the rainfall figures 
year by year during 13 years (1918-1S)30) 
for such places as Pinrang, Rappang, Seeng- 
kan^^, Pompanoea, Western Soppeng and Oed- 
joenglamoeroe then it appears that 8 of the 
ly years show a considerable drought, with 
3.3 to 3 dry months, while 3 years at t-he 
places mentioned show 2.3 - 2h3 - 3*3 - 3 - 
3 and 2.3 months with less than 60 mm. pre- 
cipitation. Wlu3n calculated over a number 
of years, however, as given in the table, 
the average rainfall per month, such as 
are shown there. Indicates only 1-0-1 
-1-2 and 1 "dry" montlis. Hence, it is 
obvious that such monthly averages are 
still a long way from being an accurate 
representation of the climate, at least as 
to the occurrence of marked dry pe.riods. 

In place of the method of presentation 
being used in this book, it would he better 
to go into the duration of the dry period, 
or periods, for each year and to statis- 
tically work out their length. However, I 
have had neither the time nor tlie oppor- 
tunity to do this. As long ago as 1916 
I had V. Van Bemmelen^^^ draw a climatic 
t'lap of Java. This map gives the average 
number of rainy days during the I’our driest 
months of the year. Ten years later, at 
the request of the Experiment Station for 
the Java Sugar Industry, this map was re- 
vised and supplemented with more recent 
data, but It was not again printed, al- 
^diough a map of this kind Is of marked 
help in a study not only of the vegetation 
^ut also of the soil. Without doubt sucli a 


map for the whole Archipelago would hr:’ng 
to light big surprises. Meanwhile, r the 
map referred to be compared with Fig. 6, by 
and large the agreement is indeed very 
close . 

To be brief- -in the Lake Region and 
in the low lands along the lower course of 
the Walanae river many places have more 
years with a long drought than years with- 
out. This indicates that where the soil 
material has a tendency in that direction, 
and where the topography is also favorable, 
there Is an o[)portunlty for the formation of 
black earth. Indeed black earth, speckled 
with iron and lime concretions has, for 
example, been reported^ In the plain of 
Bongo, northeast of Oed jonglamoeroe, along 
the road to Watarnpone; and also from near 
the Leworang river, north from Watangsop- 
peng, though hero it is true the profile is 
without lime concretions. Also at Amparita 
the soil is a heavy, black strongly crack- 
ing clay, with an astonishl n^’ily high phos- 
phorus content (see Fig. 149, page 38o) , 

Beside the black earth referred to 
( . nvv .am. 3. ), which in these parts of 
southwestern Celebes originates from tuffa- 
ceous marls or from calcareous sediments 
whicii perhaps never have been hardened to 
solid rocks, it is fosslble that black 
eartli may be found in and around the soils 
of the large lakes, ’'''hese lakes in differ- 
ent years, as well as auring the different 
seasons of a single year, can have very 
dive^-":'ent water levels --iiigh and low water 
levels may differ as much as Y m. and con- 
sequently groat differences in extent.. It 


Bemmelen, in: Verz. Verb. aang. N. I., ultgeg. n. a. v. Bodemcon;i'es DJoeJa 1916 (1920), 

P. 64. 

I 70 , Cf,; Van Harreveld-Lako and Arrhenius, 1. c . , pp. 8044^)0 and 8 IO- 8 II. 
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Photo hy E. C. J. Mohr 

Fig. 149. The Lake region. Southern Celehes. Panorama looking 
toward the south over vast grass plains, to the vest of the highway 
between Rapang and Vatangsoppeng. In the distance the Western Moun- 
tains. Soli here somewhat better than to the east of the lakes. 

(Soe pp. J79, 382.) 


la conceivable that under these clrcum- 
atancea In the Lake Region there will be a 
range of conditions from subaerlal weather- 
ing on the places which are never over- 
flowed, through all forma of amphibian 
weathering, to the subaqueous weathering 
where the soli material always remains 
under water. Thus there may be points 
with aubaqueoualy formed black earth as a 
surface soil overlying a subsoil bleached 
grayish blue or bluish white (dl--He.(nn 
to ns).aq.(l-3). ). If the Lake Region 
were a zone with a continuous surplus of 
rain above the amount evaporated, then we 
should expect to find just as many leached 
out and poor soil forma as, for example, 
occur In New Guinea to the north of the 
Lower Dlgoel. However, here In the Lake 
Region from time to time long continued 
drought periods occur. Therefore, at* such 
times a concentration of all sorts of dis- 
solved constituents must take place. In 
other words, an enrichment of the soil 
occurs. If It rains after such a period 
of drying out then,* In addition to silt, 


the rivers bring on fresh water, or more 
correctly, weathering extracts from their 
drainage basins. If the Walanafe* or the 
Leworang river, which come from the south 
or southwest, Is in flood, then It may be 
accepted that this Indicates that the soils 
of the lowlands are being enriched. But If 
the Blla river which comes down from the 
north Is In flood, then It Is, Indeed, very 
problematical whether or not that Is any 
benefit for the lowlands. This Is because 
the drainage basin of this river Is far 
from fertile, and the hilly land to the 
west of It is certainly very poor (see 
pages 356 , 359 f 36l, 366)* general, 
however, according to experience In rice 
cultivation the soils of the Lake Region 
are In no sense poor. They are fairly 
light loams, with a considerable water move- 
ment so that the vegetation can Just as 
well draw Its nutrients from a much diluted 
nutrient liquid, while on other soils It 
may. draw Its nutrients from soil moisture 
of higher concentration. 

But Immediately outside of the 
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region of adequate soil moisture, such as 
the rolling lands, just to the north of 
the lowest lake soils, as also In the 
hills of Vadjo to the east of this region, 
almost no vegetation can grow (see Fig. 
l46) . Occasionally all of these unfavor- 
able conditions prevail at one place, for 
example along the road which runs east 
from Pankadjene (south from Rappang) . 

Here Is a soil composed of small silica 
fragments, white quartz and bits of pur- 
plish red Iron silicate. In Itself this 
soil Is extremely poor In plant nutrients; 
moreover, the soil Is hard, so that the 
roots do not penetrate It readily. Be- 
sides, most of the rainwater runs off 
rapidly from It so that the few plant 
roots, none of which penetrate deeply, 
cannot find any water. No wonder that the 
vegetation Is a desolate picture of want, 
and only In the little ravines can be 
found occasional groups of trees (see Figs, 
iite, 149). 


Evaluation and Utilization 
of the Soils 

If the reader has now acquainted 
himself with the preceding paragraphs, he 
will easily realize that the people of 
Southwestern Celebes have concentrated by 
far the greatest part of their attention, 
work, and settlements on the lowland, the 
sedimentary, allochthonous soils. Good, 
irrigable plains are to be found. There 
cultivated crops can find water or can be 
supplied with It by man, and water Is the 
first essential for plant growth. 

In Southwestern Celebes mountain 
plantation crops play really no part. 

This Is not to say that on the hills and 
the mountains there Is absolutely nothing 
cultivated. But even on the slopes of the 
old volcano, Mt. Lompobatang, what Is cul- 
tivated Is of very subordinate Importance, 
hardly more than some tuberous plants, 
some •'cocos, and a few fruit trees In and 
around the villages which are usually 
located just on the edge of, or In the 
'^Iclnlty of larger or smaller plains. It 
I3 true that the reddish brown lixivium Is 


physlcially not bad, though It Is not 
juvenile enough, being In approximately the 
third stage, hence quite senile. And since 
want has not driven the people to the moun- 
tains they have remained In the lowlands 
which offers more possibility of existence. 
For the Celebes, the Southwestern part Is 
quite thickly populated, but It Is 
still a long ways from being as dense as 
the population of Java. The Census of 1930 
gave the following population densities: 


Subdivision 

Persons per 





About Il4 persons 

Makassar . . . 

About 150 


If Makassar town be 




excluded 

Bontaeng. . . 

" 85 


Bono 

” 75 


Paro-Pare. . 

" 58 



These figures do not tell us much. 
A further subdivision into different topo- 
graphic and soil regions is necessary to 
give a better Idea of conditions. Take 
the Bone subdivision for example: In 

Northern Bone, which has much lowland, 
there are about I60 persons per km.^, 
while the lowland and low chalk mountains 
of Central Bone have about 93 persons per 
km.^, and In southern Bone which for the 
greater part Is mountainous and Is covered 
with senile red lixivium there are but 
about 40 persons per km.^. 

There Is no doubt at all that a 
closer analysis of different subdivisions 
would bring to light still more astonish- 
ing figures showing the connection between 
the nature of the soil and the density of 
the population. Such figures would also 
permit interesting comparisons with* the 
other Islands of the Archipelago. 

Now as to the soils of the low- 
lands. From the Annual reports of the 
Agricultural Extension Service 1923-1929 
(no subsequent ones have appeared), the 
general conclusion can be drawn that soils 
rich In phosphorus are found only In the 
west, that Is, In the Sawlto plain, and 
north from the mouth of the Sadang river. 


the small map acoorapanylng the Reconnaleeance map of Celebes of the Topographic Service, 1: 

1,250,000 (of 1918). 
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Also, southwest from lake Sldenreng, 
around Maros and here and there In the Goa 
plain, to as far as the vicinity of Taka- 
lar. On the contrary, the east exhibits 
a deficiency of phospliorus : Bontaeng, all 
of Bone, Wad jo and Sldenreng. When it is 
appreciated that: the phosphorus content of 
the chalks of the mountains is all very 
moderate and the andesites are not rich In 
P, while the P content of the leuclte 
rocks in the west Is definitely higher, 
the explanation of the observed facts Is 
clear. It Is also possible that subse- 
quent rock analyses will show that the 
older andesites In the west are richer In 
P than those of the Bone Mts. In the east. 

There are marls In the North Bone 
Mts. as there are In the Wad jo Hills. The 
allochthonous soils derived from these 
formations presumably also contain rela- 
tively more lime. May It not be that this 
is an explanation of the fact observed In 
fertilizer experiments, namely, that at 
several places In Central and Northern 
Bone, in Wad jo and In Soppeng there Is 
such a striking lack of nitrogen? In the 
case of paddy cultivation, however, the 
Irrigation water can compensate consider- 
ably for an otherwise poor soil, providing 
it Is adequately rich and the soil pos- 
sesses sufficient colloids to absorptively 
hold the plant foods. But the following 
report Indicates that something else Is 
wrong with these soils: 

"it was remarkable that In an 
orienting experiment In Rappang on the 
poorest of all the sandy lands the differ- 
ent fertilizers as a whole showed no ef- 
fects. It would appear from the research 
that these lands are presumably also de- 
ficient In potassium and calcium." That 
little word "also" may presumably be In- 
terpjreted as Implying that a deficiency 
of ."'hoaphorus had already been established. 
Farther on we read: "in an orienting ex- 
periment on the effects of fertilizers on 
the very sandy lands derived from the Ma- 
samba granite" (see page 33B) "the fer- 
tilizers also failed to give any results." 
Here there is certainly no lack of water, 


though there was once a drought in the 
Rappang region. These two experiments 
thus very closely resemble the so-called 
sand cultures to which Is supplied a nu- 
trient liquid, containing several plant 
nutrient elements but lacking one or more 
of the Important substances which as a rule; 
are present In a loam or a clay. Without 
further Investigation It Is Impossible to 
say what that something Is, but neverthe- 
less speaking In general terms a practical 
application can be made of the phenomenon 
In Southwestern Celebes. In the laying out 
of Irrigation works, the fact must be takon 
Into consideration that there are places 
where even with technically good Irrigation 
alone no result Is to be obtained. In 
other places such as large portions of the 
Soppeng^'^'^ subdivision, since the Walanae 
and the Lemorang rivers supply good Irri- 
gation water from a back country of rocks 
rich In plant nutrients, there Is great 
probability that we may expect much suc- 
cess from good, technical irrigation. 

Graadt Van Roggen, the Irrigation 
engineer, has written a paper^^^ which is 
even yet by no means obsolete and very 
much worth reading, since this author not 
only shows on a map the projected and 
possible irrigation works but In his dis- 
cussion considers the Irrigation question 
from all angles. Yet we are able to find 
but very little about the soil of the 
tracts to be Irrigated, presumably since 
what little Is known about those soils Is 
so difficult of access that nothing has 
been published about them through official 
channels. However, In the already repeat- 
edly referred to Bulletin of the Experiment 
Station of the Java Sugar Industry^ by 
Van Harroveld-Lako and Arrhenius we do find 
some terrain and soil descriptions relallnr 
to Irrigated and Irrigable plains of Sout.b- 
western Celebes. From the data of these 
workers It appears, among other things, 
that In the Sawlto plain, ^ome soils ex- 
traordinarily rich in P occur very close 
to others very poor In P. Of course thlJ 
cannot be helped. Still perhaps through 
long continued regular irrigation of the 


175* Report Afd. Landbouw (1928), p. 38O, 

174. Cf. Memor. v. Overg. Gezagh. H. Cohen voor Soppeng (Sept., 1932), pp. 22-23. 

17‘). J. F. Graadt van Roggon, Bevloolinge-en afwat. werken l/d zelfbest, landsch. In ZW-Celehes, Be 
Wateret.-lngen, (Sept., 1928), pp. 279-287, (with 2 laape). 

176. C. H. van Harreveld-Lako and 0. Arrhenius, Med. P, J. S. I., No. I8 (1927), pp. 759-817. 
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whole region these differences will he 
evened up. In the future the use of Sadang 
water will have a markedly good effect and 
the ’’poor soils of Sldenreng"^ will lose 
their had reputation. 

Summarizing, we may say that for 
the many low plains of Southwestern Celebes 
well regulated Irrigation on a large scale 
Is a first requisite for the progress of 
the agriculture; while for the lowest ter- 
rain around the lakes, drainage is at least 
equally important. But that Is not all. 
Only after adequate water has been made 
available will It first clearly appear 
that In many Irrigation districts either 
the soil, or the Irrigation water, or both, 
are far from ideal, and then experiments 
with fertilizers, green manures, and cul- 
tivation of the soil will come Into their 
rightfully Important position. It may be 
expected that then in one locality enormous 
crops will be obtained, while in other 
places the deficiencies can hardly, or not 
at all, be remedied, and the production 
will remain disappointing. 

It seems to me we may expect much 
from the Goa plain, the plain around Maros, 
great portions of the Sawlto plain and the 
lands west -southwest of the lakes, but I 
see much less promise in irrigation from 
the Blla and the Gllirang rivers in the 
northeast . 


BORNEO 

The portion of Borneo belonging to 
the Netherlands Indies (see the sketch map, 
Pig* IhO, page ;584), being approximately 4 
times as large as Java and roughly l6 times 
as large as Holland, has about the same 
area as Prance. With a population of ap- 
proximately 2 millions, something more 
than a quarter that of the Netherlands, 
Borneo is Indeed thinly populated. And as 
to the distribution of the population, we 
find that in the Slngkawang, Pontlanak, 
Bandjermasln and Oeloe Soengei subdivisions 
of Netherlands* Borneo about c/^rds of the 
oopiUatlon lives on l/7tL of the area. The 
rost of Borneo with an area of l4 times 
that of the Netherlands has a population. 
But little greater than that of Amsterdam 


alone. Only 1.9 persons per km.^ place 
the region among the thinnest populated 
parts of the earth and, without 'doubt, 
makes one think of conditions in New Guinea. 

If, in the first place, we Inquire 
as to what Is already known about the ge- 
ology of this great Island, while obviously 
there remains very much to be Investigated, 
we will be astonished by the large amount 
of geological Information which has already 
been obtained about Borneo, a land covered 
by endless tropical high forest. For our 
purposes, however, It Is sufficient to 
give an adequate survey of the 


Soil-Forming Rocks 

and this Is best done on the basis of a 
few chapters of the already repeatedly re- 
ferred-to book by Rutten.^^*^ 

Over great expanses of Borneo Pre- 
tertlary formations lie on the surface, 
although Tertiary formations occupy still 
greater areas. Much more of both of these 
formations, however. Is covered by Quater- 
nary and Recent alluvia and colluvia, In 
short by allochthonous soli formations. 
First something about the rocks themselves. 

The Tertiary sedimentary rocks of 
Borneo differ from those of Java, In so 
far as those* of Java are composed pre- 
dominantly of marine deposits. Especially 
In Java, Neogene marls and limestones pre- 
dominate; while in Borneo the facies is 
much less purely marine, so that limestones 
and max’ls are relatively scarcer than on 
Java, but shales, loam shales and sand- 
stones occur much more abundantly. By far 
the greater part of these last-mentioned 
rocks has been formed from former land or 
fresh water sediments, having a very much 
smaller proportion of fossils, but many 
more coal layers. Therefore in order to 
determine the age of the different Terti- 
ary formations, one must resort to the kind 
and the degree of carbonization of the 
coals . 

In general, we may perhaps safely 
say that the older the deposits are the 
harder and thicker the clay shales are, 
and the more solid the sandstones. If we 
turn from the older to the younger rocks, 


^TT/v^rel. Afd. Landb. (1927), P* 

L. Rutten, Voordr. gool. Nod. 0. -Indie (l92f), Pi* 191-31'^* 
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Fig. 150. Sketch Map of Borneo, with place names In 


the Netherlands' portion. 

we find the sandstones looser and finally 
only loose sand. The clay shales become 
weaker, and finally consist of soft clay. 
Regarding the marls, In so far as they 
occur In the Tertiary, we can say something 
of the same sort. 

The Eogene limestone, found In the 
hinterland of eastern Borneo, sometimes 
has splinters of plagloclase as an acces- 
sory substance besides the quartz grains 
which are the main constituent. This would 
Indicate that at that time In the center of 
Borneo acid eruptlves must have come to the 
surface. For In southwestern Sangkoerllang 
acid tuffs pointing to dacltlc or rhyolitic 
effuslves are also found In the Neogene. 


But quantitatively these sandy limestones, 
or calcareous sandstones, play no role of 
Importance in the mass of sandstones, 
clay shales, etc. Quartz Is far and away 
the most Important constituent of the sand- 
stones. In the loam shales and even In the 
so-called clay shales the quartz content la 
without doubt just as high, although an- 
alyses of such materials are not available. 

The dlstrlbuMon of Tertiary effu- 
sive rocks Is very limited. In southeast- 
ern Borneo there are none at all. In west- 
ern Borneo this Is also apparently the case. 
Except for a couple of occurrences, as a 
whole unimportant, these Tertiary effuslves 
at»e moat extensive In the Muller Mts. of 
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Central Borneo. These effusivea are pre- 
dominantly daclte and rhyolite. Recent 
volcanoes on Borneo are unknown, hut it is 
possible that at a couple of points in 
Western Borneo, to the northeast of Ponti- 
anak, for example, in Mt. Nloet, volcanoes 
were active until relatively recently. 

Older formations of Igneous rocks 
occur more frequently. There is much 
granite, for example, in the Schwaner Mts. 
and very much still farther southwest to- 
ward Soekadana and also in the Chinese dis- 
tricts. Also basic rocks such as diabase, 
gabbro and even peridot Ite. Besides the 
granite, in Western’ Borneo in the Chinese 
districts dlorite, gabbro, norite and dla- 
tase as well as quartz porphyry occur. 

More to the east diabase and diabase tuffs 
are frequent. In the Meratoes Mts. of 
southeastern Borneo there is almost no 
granite, but diabase, gabbro, peridotlte 
and serpentine predominate. The eastern 
border of South Borneo is an exception to 
t.his statement. The last two rocks men- 
tioned above also occur on Poeloe Laoet and 
P. Seboekoe islands. 

There are some other old formations 
which deserve to be mentioned, such as 
crystalline schists, which appear at the 
surface in only a few small tracts, as in 
the old mountains southeast of Pengaron 
(Southeastern Borneo); in Central Borneo, 
along the Upper Barlto; and perhaps also 
in the Chinese districts. Phyllltes and 
glistening slates also occur, especially 
in Western and Central Borneo, Then there 
be mentioned the so-called Danau forma- 
tlon, consisting of quartzite, clay slates, 
3illciou3 slates, and toward the margins 
diabase and diabase porphyrlte with their 
tnffs and breccias. These begin to the 
north of Slntang and extend further east- 
wards through the whole of Central Borneo 
and on into northeastern Borneo. 

This just about completes the 
anunieratlon of the parent rocks of Bornean 
soils. But a difficulty still remains to 
^0 discussed. Everywhere around the edge 
of this great Island the Tertiary rocks 
lie in groups of strata totalling a thick- 
^033 of several thousand meters. And upon 
ihoae deposits are layers of younger al- 
^ovium. If one asks himself whence all 
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that sedimentary material has come, and 
sees on the map the relatively small area 
or the mountains which are now standing on 
Borneo, then this question arises: How 
could central Borneo have supplied all that 
material ?--Thl3 led Rutten^"^® to suggest 
the possibility that a part of the material 
might even have come from farther away, 
even from the main land of Asia, so that 
perhaps the "parent rocks" are to be sought 
also on that continent. 


Climate 

As to how really equable the climate 
of Borneo is, appears from the fact that in 
the large handbook dealing with the climate 
of the Netherlands Indies by Braak^^^ the 
chapter on Borneo proper comprises but 12 
pages of text. 

Three Important factors work to- 
gether to cause this uniformity: 

Ist: the equator crosses the middle 
of the island, passing through Pontianak, 
Sinbang and Longiram. The climate is thus 
definitely equatorial. 

2nd; even though the area of the 
Island is so large, very little of its sur- 
face is high, and what little mountainous 
land there is rises up steeply out of the 
plain. It is true that in the northern 
part of British Borneo the relatively iso- 
lated Mt. Kinlbaloe with an elevation of 
around 4,300 m. is present but as to a high 
mountainous region, there is none to speak 
of, not even in Brunei, It is true that in 
Netherlands Borneo, especially on the bound- 
ary of the Western and Southeastern subdi- 
visions of Borneo, there are a few mountains, 
of which a small number of summits rise up 
higher than 2,000 m. but in most cases even 
the summits do not reach this elevation. 

Wlien the contoured topographic map of Neth- 
erlands Borneo is Issued, it will be inter- 
esting to sketch what portions of Borneo 
would remain above water if the sea rose 
300 m., 1,000 m. or 2,000 m. Not even on 
a map showing a rise of the sea of only 
300 m. would we find any great extent of 
relatively flatland remalnin^^ above the sea, 
although over the entire area of what is 
now Borneo there would be a number of long 


1 ' 79 . 1. 0 ., p. 229. 

c. Break, Het kllmaat van Nederl. Indie, II (1929), p. *i01- 
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and small Islands with quite steep mountain 
ridges, and in addition, a very great num- 
ber of quite small islands, consisting of 
Isolated peaks sticking up out of the sea, 
mostly arranged in rows. On the sketch of 
1,000 m. submergence there would not be any 
islands which would be so long, though 
there would, however still be quite a num- 
ber of fantastically shaped mountainous 
Islands, without a sign of any flat land. 

On the sketch of 2,000 m. there would be 
almost no Borneo; lost in the expanse of 
the sea there would be only a couple of 
little islands rising up steeply. Thus 
Borneo does not have any mountainous land 
such as, for example, the Preanger of Java, 
where as a result of elevation there is a 
different climate, nor does Borneo have any 
high mountains which markedly influence the 
climate of the low lands. Thus orographl- 
cally conditioned climatic differences are 
only small. 

3rd: The final reason is the end- 
less, closed tropical high forest, which 
covers by far the greatest part of Borneo. 
This forest has a significant regulating 
effect on the air temperature, the daily 
average of which just about everywhere In 
the low lands, even calculated over the 
entire year, varies only between 23° and 
26.5 C. And the lowlands certainly com- 
prise more than 90!^ of the whole. If it 
be possible, the soil temperature under the 
forest is still more uniform; for example, 
at a depth of 30 cm. it will be about 23.3 
or 26° and at most vary but a few tenths 
of a degree. Only in Southeastern Borneo 
have considerable areas been deforested and 
transformed into cogonals ( imperata spp.). 

In such grasslands a somewhat higher aver- 
age temperature must prevail, say about 27 
to 28°C, Also a somewhat greater dally 
oscillation at the surface of the soil 
occurs. But at 30 to 75 cm. depth in the 
soil even in cogonals a practically con- 
stant temperature will be reached. 

It is also notable that the aver- 
age relative humidity of the air is so uni- 
form. For the different months of the year 
at Pontlanak this varies between 83 to 89^, 
and at Tarakan between 87 and 90^. Every 
morning the air is almost completely satu- 
rated. This is the cause of the many fogs 
during the night and the early morning. 

With saturation, evaporation of moisture 
from the soil or even from the vegetation 


cannot occur, so that during only a coupLe 
of hours each day can the plants have dry 
leaves. 

And now as to the rainfall. Avor-^ 

I aged over a number of years, there I3 soi- 
I dom a month with more than 4 00 mm., and 
seldom one with less than 100 mm., though 
of course occasionally rainless months do 
sometimes occur. The following tables, 
(Table 85, page 387 and Table 86, page 3H8)^ 
compiled in the usual manner, give a good 
picture of the distribution of the rainfall 
throughout the year. 

In the Western Subdivision (Table 
S3> page 387) there is seen to be the 
greatest uniformity of the rainfall, al- 
though close to the mountains of Central 
Borneo somewhat more rain does fall than 
around the edge. This is also the case 
with the Southern and Eastern Subdivision:!. 
During the months from June to September, 
inclusive, the influence of the east mon- 
soon is universally perceptible but even 
so there is still not one single monthly 
average under 100 mm. Calculated over a 
number of years entire West Borneo is "al- 
ways wet" and the soil is subjected to 
only leaching by water. 

The Southern and Eastern Subdivi- 
sion (Table 86, page 388) is for the most 
part cut from the same piece of cloth but 
with the following exception. During the 
east monsoon along the southern coast the 
climate becomes gradually drier from west, 
toward east. But for all that, the lands 
which are submerged throughout the entire 
year get poor satisfaction, for in the back 
country it continues to rain quite strongly 
right along. However, if the time ever 
comes when portions of the low lands behind 
the coast are diked up and reclaimed, then 
it is not impossible that in the relatively 
dry season swamp rice culture could be 
carried on with success, as is already 
being done on the west side of Oeloe Soen- 
gei and in the so-called "lebaks" of South- 
ern Sumatra. 

The Oeloe Soengei exhibits clearly 
a lower rainfall than almost anywhere else 
in Borneo. Especially is this the case in 
the east monsoon in the rain shadow of the 
mountains in the southeast . --No single sta- 
tion however has less than 2 m. total rain- 
fall for the year. 

Samar inda and Tenggarong (Table 86, 
page 388) have the lowest annual figures, 
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and yet, calculated over many years, 
neither of them has a single constantly dry 
month. Tarakan with a minimum of 230 mm. 
and a maximum of 377 mm. rainfall per month 
has twice the rainfall but It Is just as 
evenly distributed throughout the year. 

Here, If anywhere, the lament of Ernst 
Haeckel Is applicable: "This eternal same- 
ness!" 


LJ^.lnoipal Ways In Which Weathering 
Occurs and the Resulting Soil Types 

Since the climate of Borneo Is, 
Indeed, astonishingly uniform. It Is obvi- 
ous that all the dlffeuences In the ways In 
vhlch weathering occurs and In the result- 
soil types are to be a,scrlbed either to 
® In the parent rocks, or to 

c position of the material with respect 
0 the water. Without making any serious 
mistake we may refer to the soil types 
yjng above the water level as residual or 
ochthonoua because the recent alloch- 
^ onous material Is seldom exposed above 
^^ter. Conversely, it la only an exception 
vith fc^rmatlons occur under water 
mat a covering of allochthonous 

QMal carried on by the water and spread 


over them, so that pretty nearly everywhere 
subaqueous or amphibian conditions prevail. 
Allochthonous material may be accepted as 
the original material. Taken by and large — 
and In this book It Is, Indeed, Impossible 
to consider anything else but generalities — 
I propose the following simple subdivision 
of the soils: 

a. Soils lying above the ground and 
river water levels, hill and mountain 
slopes, and mountain tops with autochthonous 
kinds of soils, subaerlally weathered In a 
hot to moderately warm, continuously wet 
climate, subjected to continuous leaching, 
varying, however, according to the mineral 
composition of the parent materials. 

b. Solis lying under water, (sub- 
aqueous terrains), In a hot and also con- 
tinuously wet climate. Thus with continu- 
ously leaching type of weathering In the 
.absence of air. In this case the process 
differs less because of the mineral compo- 
sition of the material, but rather accord- 
ing to the grain size (gravel, sand, clay) 
of divergent deposits of allochthonous soil 
material. 

Beginning with the group referred 
to above under (a) In the first place the 
attention should be limited to the Tertiary 
and older sandstones, which for a great 
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BORNEO- -SOILS ON SEDIMENTARY ROCKS 


part consist of quartz. Vliat sort of soils 
can these rocks give rise to?--Llttle else 
than quartz sand and quartz flour; the lat- 
ter being the result of further mechanical 
grinding. But more about that under (b) . 
Since the cement which binds the quartz 
grains of the sandstones Is also slllclous, 
about the only way these rocks can weather 
is physically; for example, through tem- 
perature differences, bursting or cracking 
repeatedly, and becoming broken up. Vege- 
tation Is only possible on such material 
after wind or flowing water has carried 
onto it something or other which can bo 
used as food by the plants. In Borneo 
sandstones with calcium carbonate cement 
weather through leaching out of the lime, 
leaving behind a mass of loose quartz 
grains. Whether on such a residue vege- 
tation can develop and exist, be it ever 
30 poorly, will also have to depend upon 
the amount and value of the impurities. 
Sandstones with a clayey cement, or where 
mineral grains, such as feldspar or horn- 
blende are mixed with the quartz grains, 
can, of course, weather chemically, be- 
cause when these minerals weather clay is 
one of the products. That is to say, tiie 
minerals other than quartz weather, so that 
considerably better vegetation is possible 
on the sand or sandy soil so formed. The 
growth may hardly be excellent, but it will 
still be good for quite a time. In the 
course of a long time, especially where 
the surface of the soil is about level and 
there Is no appreciable erosion from the 
surface, the clay washes down Into and 
through the upper horizons of the soil, and 
on the surface a bare, white sandy layer 
I’emains. In short --the many kinds of 
Quartz sandstones on Borneo, to whatever 
geological formation they may belong, all 
give rise to slllclous sandy soils which, 
trom the standpoint of the vegetation, 
must be considered among the poorest of all 
soil types. 

As has been said, the clay shales 
f'or the most part must also be considered 
^-^3 land or fresh water sediments. Vlien 
these weather under the given weathering 
'Conditions they take up water, and In 
^olng this they swell and disintegrate, 
tnit much more slowly than If they were ma- 
^dne sediments, In which case they would he 
more or less marly. These clay shales 
gi^adually change Into a heavy, "sticky" 


m 

kind of clay. When wet this clay Is Im- 
pervious, tough, and solid and so long as 
It remains continuously wet it' Is satis- 
factorily resistant against erosion. If 
however this material Is exposed and dries 
out, for example as a result of deforesta- 
tion and kalr^lning, then the clay becomes 
granulated and broken up and is easily 
eroded by the wind or Vvater as, for ex- 
ample, is the case on Timor. Fortunately 
on Borneo, for the time being, this kind 
of erosion is an exception, rather than a 
general condition. 

Obviously also on Borneo there are 
found members of a group of rocks which 
lie between the sandstones and the clay 
shales. Sometimes these are about the 
same as the sandstones, at other times, 
more like the clay shales. Loam shale 
seems to me the best name for this group 
of rocks. The grain size of the particles 
lies between 30 mu and 3 rnu. Since the 
Individual grains cannot be seen with the 
naked eye, these rocks ought not to be 
called sandstones. Yet the clay content 
Is much lower than that of the true clay 
shales or claystones, so that upon weather- 
ing these rocks do not swell so much. It 
Is of course obvious that quartz grains 
measuring between 30 and 2 mu. cannot swell 
from the taking up of water. Therefore 
the loam, which exists as a residual soil 
originating from such shales is physically 
different. (This was discussed more fully 
but in more general terms on pages l86 ff.) 
Especially when this loam is somewhat 
more sandy, that is, a light sandy loam, 
it is a substratum on which many more 
crops, as well as more bushes and trees 
can grow, than if It contains more clay 
and is a heavy lo.am. Yet these soils 
from loam shales are no more able to meet 
l.igh crop requirements of fertility, l.e. 
adequate water and food supply, than the 
soils on the sandstones and clay shales. 
Meanwhile, each soli type carries Its own 
flora. Trees are on the soil on the sand- 
stones, since If they have enough water 
around the roots they can get along in 
spite of an Inadequate food supply. On the 
clay shales are trees which can form an 
adequate root-system even In the tough clay 
and can obtain the small amount of water 
which they must have, providing only that 
this smaller amount of soil moisture has 
a somewhat higher concentration of plant 
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food. 

No matter whether the weathering 
produces coarse blocks, small slllcious 
rock fragments, quartz sand, or loam or 
clay rich In quartz flour, the quartzites, 
slllcious slates and clay slates of the 
Danau formation cannot give rise to any 
other kind of soils than very poor quartz!- 
tic or slllcious ones. Molengraaff has 
already stated this to be the case. 

Better soils develop from marls, 
as long as there Is still some lime left. 
The soil is more flocculent and pervious; 
and since the clay, which had settled down 
with calcareous organisms through the salt 
water’ to the bottom of the sea was able to 
absorb more bases, the weathering soil de- 
veloping on rocks with such an origin Is at 
first richer chemically. On the other hand 
such soils have disadvantages, such as the 
bulging out, the "creep," and the more 
rapid disappearance of the surface soli 
through erosion. Of course as the process 
continually exposes new marl particles at 
the surface and facilitates weathering the 
rejuvenation of the soil occurs. Solis 
derived from marls are troublesome to cul- 
tivate . 

We now come to a discussion of 
better soil types , namely, those on the 
Igneous rocks . On the granites and quartz 
porphyries, which occur especially in and 
around the Western Subdivision of Borneo, 
the soils have formed under continuously 
wet climatic conditions. There the feld- 
spars,. the micas, and eventually the amphl- 
boles have weathered into a lixivium which 
contains quartz sand and is colored yellow, 
brown, or red with iron oxide. The granite 
along the Kapoeas is "deeply weathered and 
altered into yellowish brown laterlte"^®^; 
Molengraaff also remarked^ that "richer 
weathering soils are developed from grani- 
tic mass Ives; around Mt. Menjoekoeng are 
found the most fertile spots in the lake 
region." The expression "most fertile" is 
of course to be taken In a relative sense, 
since from the descrlntinn of the Celebes 


the reader already knows that andesites, 
basalts and leuclte rocks, for example, 
give rise to significantly more fertile 
soil types than does granite, especially 
the forms which are the richest In silicic 
acid. 

Besides the already mentioned 
slllcious slate, etc., there also occur in 
the Danau formation diabase and diabse 
porphyrite with accessory breccias and 
tuffs; rocks, which In general, weather to 
a lixivium, and which also give rise to 
quite decently fertile brown and brownish 
yellow soil types. But before now, during 
millions of years which have passed, these 
rocks "through decomposition and siliclfi- 
cation, connected with dynamometamorphosls, " 
have already been weathered many times and 
they have been altered and permeated by 
numerous quartz veins and fully serpen- 
tlnlzed on the clay faces. By these 

processes they have not been enriched, and 
"in a thin layer on the rock". there now 
lies a "tough, yellowish brown Infertile 
clay, " while normal diabase "weathers 
deeply to brown clay." 

However, what washes off from sucli 
diabase rocks through erosion and mixes 
with the products of erosion from the pre- 
viously mentioned quartz-rich and silica- 
rich rocks, because of higher concentra- 
tions of Iron hydroxide, of bases carrying 
plant nutrle^its, and of phosphorus, cannot 
help but Improve the soil. 

As the rock Is more acid, l.e. 
contains more SiOs, less Iron, less P, etc. 
all of the soil on the dacltes and rhyolites 
of the Muller Mts. and elsewhere where suet 
rocks also sporadically occur. Is again 
fertile than that on the diabase and dia- 
base tuffs. It Is a pale yellow clay, 
with quartz crystals In It. Such a soli 
cannot be rated very high either as a fer- 
tile, residual one or as a source of good 
allochthonous deposits. In the course of 
both subaerial as well as amphibian weath- 
ering of the difficultly pervious soils and 
rocks of Borneo, under the continuously 


f .1 . ■ 

181. G. A. F. Molengraaff, Geol. Verk. tochten Centr. Borneo (Leiden 1900 ), p. I3I: ’’Soil, which does not 
ordinarily stand under water, is infertile. Fertility Is not to be expected from slllcious slatos, 
quartzite . . . and sandstone." 

182. Molengraaff, 1 . c ., p. 7. 

183* Molengraaff, 1 . c ., p. I31. 

184 . Molengraaff, 1 . c ., p. 91 * 

185. See for analyses; Tables 3 , 4 , 7. 
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Photo hy C. W. A. P. »t Hoen 

Fig. 151. Solid laterlte exposed on the Koekoesan Mts. (Soengel 
Doeva) Southeastern Borneo. On these hard, stone-like masses of brown 
iron ore nothing can grow. (See pages 391-59^.) (Photo from 

the Jb. Mljnw. (1921), Verb. I, p. 288.) 


vet climate which prevails there, the 
weathering of Iron-containing material and 
the translocation of Iron-oxldes and their 
precipitation In all sorts of places and 
In all sorts of forms must be expected to 
occur. Molengraaff described^®® how llmon- 
Ite had been deposited between the layers 
^nd In the cracks of the slllclous slates, 
the angular pieces of which remained clear 
white. It Is notable however that the for- 
t^atlon In the soil of, or of the trans- 
formation of, Iron concretions such as hall 
Iron ore, bean ore, or larger, kidney 
shaped concretions (krlkll), is seldom 
ro^ntloned elsewhere. Yet such concretions 
•^ost occur on Borneo, just as frequently 
^3 on Celebes, Sumatra, and Java. In 


road cuts behind Baiikpapan I have Identi- 
fied various sorts of Iron concretions. 

However, whenever Iron concretions 
have been found In such quantity and con- 
centration that they have been considered 
a possible source of Iron, then they have 
attracted the serious attention of the ge- 
ologists of the Bureau of Mines. As 
would be expected to be the case, massive 
occurrences of concretionary Iron ore are 
found on such ultrabaslc rocks as perldo- 
tlte and serpentine, on the Islands Seboe- 
koe(t), P. Danawan, P. Soewangl and on 
the Koekoesan Mts. (Soengel Doewa) of Bor- 
noe Itself, as well as In the Plelharl 
Subdivision (see Pig. 131). These deposits 
are entirely analagous to those In the 


186 . 

187. 


Molengraaff, jUc., p. 90. 

In No. 2 of the Veral. en Meded. betr. Ind. Delfet. enz. (Batavia, 1919) we find on pp. 48-60 a 
aujmnary of obviously all Netherlands Indian data relating to such ores, up to that time known to 
the Bureau of Mines.— No. 9 of this same publication (1921), deals with the mere Important iron ore 
deposits In Borneo; It la based upon a report by Ch. A. F. Macke. The following may also be re- 
ferred to: W. Dlepkmann, IJzerertaafz . Koekoesangeb. ZO-Bornoo, Jb. Mljnw. (1920), Verh. I, p. 7O-86; 
W. F. Olsolf, Bljdr. Kenn. waarsch. genese IJzerertsen Koekoesangeb, Jb. Mijnw. (1921), Verh. I, 

P* 296-305; C. W. A. P. ’t Hoen, Dlv. meen. over ontstaansvljze IJzerertsen ZO-Bomeo, Jb. Mljnw. 
U921), Verh. I, jj. 288-295. 
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Verbeek Mta. and elsewhere in Southeastern 
Celebes, although there are also ‘com] lica- 
tlons which occur, for example, (l) It Is 
more likely that here and there In these 
parent rocks In southeastern Borneo there 
were already originally present accumula- 
tions of magnetic iron ore; and (2) that, 
as it began to weather, the peridot Ite or 
the serpentine apparently was not exposed 
directly to the atmosphere, but rather it 
first lay submerged under an Eogene de- 
posit, which afterwards completely dis- 
appeared. Meanwhile leachlng-out weather- 
ing progressed. The consequence was that 
first there developed an intermediate 
stage caused by the Eogene material from 
which through weathering (the ceaseless 
leaching), caused the development of the 
peculiar "greenish ore" as well as its 
being carried away.^®® 

The requirements of the mining 
engineer aemand that a large number of 
borings be made, and that large numbers of 
samples of ore obtained in this way be 
assayed. Yet the large number of analyses 
which have been so obtained cannot serve 
for our purposes in the study of soils. 

This is because at critical places in the 
profiles some gaps prevent our obtaining 
an accurate conception of the course of 
the weathering and soil formation. We 
find that all borings were discontinued 
when there was no more ore. The underlying 
rock, however, whether it be serpentine, or 
the original peridot ite is indicated in the 
profiles,^®® sometimes with a sharp boun- 
dary, at other times with a vague one, with 
weathered soil material lying on it. But 
none of the accompanying analyses are of 
material farther downward than the "ore." 
Not even as an exception was a single bore 
hole completely analyzed to the bottom. 

The analysis of "average samples obtained 
by mixing proportionally all samples from 
each hole" was apparently entirely justi- 
fied for the purposes of the mining engi- 
neer but for obtaining an insight into the 
course of the weathering, the analysis of 
such samples is entirely useless. While 
layer samples made up from a number of 


handfuls out of very divergent sample boreg 
were also analyzed, yet such analyses are 
more confusing than illuminating. Finally 
it must also be mentioned that only in a 
few cases in the analyses was T1 deter- 
mined, while in many the Ca was not deter- 
mined, in all of them figures for the al- 
kalies are lacking, even in those where 
AI2O3 sometimes occurs to 12 ^ and more, 
even though such amounts could not have 
existed exclusively in the picotlte form 
in the rock and thus must be thought of ag 
having existed in part as a constituent of 
the pyroxene. Hence very likely there mugl 
have been a considerable Na or K content. 

As to the research of the pre- 
eminently expert mlneralogist-petrographer, 
Glsolf, it can here only be deplored that 
of the series of samples investigated from 
rintis II well 7 , the figures for the head 
and the tail samples are lacking. Regard- 
ing the above profile this question remains 
unanswered, namely as to how the AI2O3 
occurs in the extremely solid layer of iron 
oxides. Is it hydrarglllite and in that 
case is the ore an iron-rich bauxite? And 
likewise, referring to the lower part of 
the profile, what is the mlneraloglcal 
composition of the parent rock, the perl- 
dotite, under the serpentine? How thick 
is the serpentine layer? What is the na- 
ture of the transition from peridotlte 
upwards to the lowest "ore layer" which 
has been analyzed? 

It is, of course, to be understood 
that the above digression is in no sense 
a criticism of the investigation in the 
Interests of mining. Because for me to 
make any such criticism would be most un- 
becoming. My only intention is to point 
out that if all the bore hole samples had 
been preserved separately, by using them 
it might have been possible to clear up 
very many, though perhaps not all, of the 
indicated deficiencies and could perhaps 
have brought about a clarifying reconcili- 
ation of the different concept ions 
gardlng the process of formation of the 
ore. 

Although various questions still 


188. Cf. the publications referred to by Dicckmann, Macke, and Glsolf. 

189. See in Macke, 1. c ., plate la. 

190. *t Hoen, 1. c . placed the three conceptions of Dlockmann, Macke, and Glsolf side by side and pointed 
out the conclusions which result from such a coiaparlson. However, only new borings will make pos- 
sible a ccoqplete clarification of the situation. 
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remain unsolved It seems to me that the 
conception of Macke deserves to have the 
greatest value ascribed to it. 

The most Important of those un- 
solved questions Is certainly this: through 
vhat means does the earthy Iron ore Ton 
Celebes It Is called "loam ore") come to 
be "baked'* together Into the solid mass of 
ore or laterlte ?--The profiles of Dleck- 
mann and of Macke strongly suggest that 
the "baking" (cementing) occurs on or near 
the surface, though ascending soil mois- 
ture cannot be the cause of that, for it 
Is difficult to accept any other water 
movement but a continuous or Intermittent 
one from above. The end result of this 
final leaching Is that no water-soluble 
constituents are left and the vegetation 
succumbs (see Fig. Ibl)* If one takes 
into consideration that many substances In 
the Impure state crystallize with diffi- 
culty, If at all, though they will readily 
crystallize If they previously have been 
purified (in the discussion about Bangka 
this point will be mentioned in connection 
with kaolin), then to a certain degree It 
appears possible to believe that the purest 
Iron oxide Is the first to crystallize and. 
Indeed, In this way a few submicroscopic 
crystals grow at the cost of their neigh- 
bors, which they are Inside of or next to. 
Then this crystallization (the formation of 
the solid Iron ore layer which In that case 
corresponds the best of all to the concep- 
tion "laterlte") takes place from above 
downwards, the mass becoming gradually and 
continually more difficultly pervious. 
Perhaps the gradual disappearance of the 
vegetation, which cannot live on water 
alone, contributes to the formation of the 
solid Iron ore layer. In that by leaving 
the surface exposed to the sunshine the 
surface temperature can rise very materi- 
ally. But much Importance can never be 
ascribed to this, since the solid Iron ore 
layer or fragmental ore extends to depths 
of from 1 to 3 m. and more and the heat of 
the sun certainly does not penetrate to any 
such depth. So for the time being the only 
oxplanation( ?) which remains Is not much 
®l3e than that In the course of a long 
time It la the' tendency of the Iron oxyhy- 
drates to lose or to push off their 


522 

combined water (hydrophobia); and In addi- 
tion we may ascribe some of the effects 
to time, "the general utility man" In geo- 
logical processes, who Is called In to help 
explain processes which are not understood. 

On Poeloe Soewangl there Is a 
fragmental Iron ore which "apparently 
originated directly from the weathering of 
the serpentine, thus without the Interme- 
diate sta^e of clay formation having taken 
place." How can this be made to agree 
with the statement just a few lines above? 
"over almost Its entire extent the serpen- 
tine weathered to reddish brown clay"; only 
locally on the north slope does "solid ser- 
pentine appear". .... "Also In connection 
with the lower value (less than ^ 0 % Fe) of 
the weathering clay (from the mining stand- 
polnt--E. C. J. M.) fragmental ore forma- 
tion on a large scale has not taken place." 

What Macke has In mind Is again the 

true conception of "laterlte," In contrast 
with the first mentioned, wherein he con- 
siders that the serpentine has changed 
directly Into fragmental ore. 

Here we may merely recapitulate 
that It Is by ^ means proved that the 
fragmental ore or a solid ore (laterlte) 
layer must necessarily have originated as 
a hard surface crust. Where such ore is 
found, layers of Bogene material overlay 
the serpentine which was on the peridot Ite, 
and It Is in no sense impossible or Im- 
probable that the water percolating through 
these Eogene materials had had an influ- 
ence on the formation of concretions in 
the boundary layer of that Eogene with the 
perhaps more or less broken up uppermost 
portion of the serpentine layer, wherein 
perhaps movement and sorting had already 
taken place before the Eogene layers had 
come to lie on them so that the magnetic 
Iron ore might have accumulated here and 
there. (This should also be able to ex- 
plain the high lime content In a couple of 
the analyses given by Dleckmann. ^^^) 

These "fragments of serpentine, directly 
altered into fragmental ore" could then 
have originated in the zone of fragmenta- 
tion and could have come under the Influ- 
ence of Iron-containing liquids coming 
from the Eogene rocks above, be-fore the 
latter had all been eroded away. 


191. Macke, Versl. on Medod. enz., No, 9, P» 21. 

192. Dlooknann, 1 . o., p, 75 , analyses Nos. 2 and 5* 
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If we now turn from a considera- 
tion of the autochthonous, residual soil 
formations to the group of allochthonous 
soils mentioned above, we should first of 
all refer to a paper by Feuilletau de 
Bruyn^^^^ about the Oeloe Soengei, in which 
he deals with the rivers and the soils 
which are found there. It is true that 
this region Is only one particular part of 
Borneo, but the differences between it and 
the rest of the low lands of Borneo are 
relatively small, so that if one knows 
this region well and understands its char- 
acteristics, the rest of the low regions 
along the rivers can give but few addi- 
tional surprises. Feuilletau de Bruyn 
clearly describes the Negara river, how 
the principal rivers build up their banks 
with the somewhat coarser silt carried 
along by them, while the swamps lying back 
of them are isolated during low water. But 
during high water the swamps are flooded 
and finer sediment is deposited in- them, 
while the "pematangs , " the river banks of 
the countless former beds of the rivers 
run through the entire land in various 
directions and divide up the marsh plain 
into smaller portions. 

Of course these river banks con- 
sist of somewhat coarser material. Many 
times they are lighter, sandier loams. 

Back of them, thus farther from the river, 
are the heavier loams and finally, in the 
lowest portions heavy clay is deposited. 

So it depends upon where the river comes 
from, as to what the soil types are. If 
the upper portion of the river valley 
possesses • much (mostly Tertiary) limestone 
and marly chalks, then the water is rich 
in lime, the pH is thus high. The silt is 
also calcareous and may be rich in CaCOa, 
and as a consequence the deposits also are 
still calcareous. The result is that there 
is no peat formation, barely a little hu- 
mous deposit (see Fig. It^j, page 40l), On 
the other hand if the upper portion of the 
river valley consists of rock poor in lime, 
but rich in silica such as schists, sand- 
stones, etc., then the water and silt are 
poor in lime. While the pH in the river 


may originally be still above 6, down 
lower in the swamp the value may fall to 
below 5, to 4, or to even less than 3. 

This extremely low figure, for example, 
is the case in West Borneo, in the lake 
region, and also in the coastal region 
behind Soekadana and Ketapang. And in 
the Oeloe Soengei one need but to cross 
the Negara east to west to come into 
the region of the Barlto to observe exten- 
sive and deep peat formations. Van der 
Laan^^"' notes the following about these 
peats: "Also on Borneo these low peats 
occupy great areas and occur in meter- 
thick layers. It is especially the herba- 
ceous swamp plants, ... .water ferns, rushes, 
etc., which contribute the most to this 
peat formation. Sometimes in dry years, 
as in 1914, the peat soil burns up over 
great areas . " 

As all these formations have al- 
ready been discussed above in a general 
way on pages l8^-l86, it will suffice to 
refer to that treatment and to here note 
certain local peculiarities. 

In the successive forms of gravel, 
sand, and silt the colluvia and alluvia of 
the large Borneo rivers have a long journey 
to make from far back in the hills where 
they originally enter the stream to the 
places where these materials are finally 
deposited. This journey has not left them 
unaltered. The gravel is broken up into 
smaller and smaller pieces, the sand is 
ground up finer and finer by the gravel or 
rather the grains are crushed more and more, 
while the suspended silt undergoes the 
least mechanical alteration. But in so 
far as they are still in a state to be 
weathered, these finest particles are tho 
very first to be altered chemically. Lime, 
for example, for the most part can exist 
only in short rivers coming from river 
basins in which there are marls breaking 
down relatively easily. But when these 
rivers empty into larger ones coming from 
drainage basins, portions of which are poor 
in lime, with most likely also somewhat 
acid water, then it is clear that on Borneo 
alluvium containing calcium carbonate must 
indeed be scarce. Even feldspars, pyrox- 
enes, and amphlboles cannot last through 


193* W. K. H. Feuilletau de Bruyn, Bljdr. kennls Afd, Hoeloo Soengei (Z. en 0-afd. v. Borneo), Kolon. Stud. 
17 (1933). P. ?5-93. 

194 . E. Van der Lean, Bosschen v. d. Z. en 0. Afd. v. Borneo, Tectona XVIII (I 925 ), p, 936. 
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Photo by F. fl. Endert 

Fig. 152. Central Eastern Borneo, near Mt. Antjaloeng. The fan- 
tastic root formations above the surface of the ground show that very 
close under the surface the soil Is without air and Is as good as Im- 
penetrable. 


all that long journey. Only quartz powder 
remains unaltered and is deposited with the 
minerals which have resulted from weather- 
ing and which are Included In the "clay." 

In the lake district, In the hack 
part of the Western Subdivision of Borneo, 
Molengraaff found brown water In the 
lakes, whose banks exhibited an alterna- 
tion of sand and loam layers with thin 
layers of peat. From descriptions of dlf- 
f'erent portions of New Guinea, especially 
the extensive swamp tract in East Nether- 
lands New Guinea, to the south of the high 
mountains, the reader is already familiar 
vlth these hopeless landscapes. The enor- 
fnous region of Borneo Included within the 
lines connecting Samplt — ^Moeara Tewe — Band- 
jartnasin and the south coast. Is exactly 
it,^®® as Is also a great deal of 
Koetel with the lakes In the south of that 
^®glon. The coastal plain of western 


Borneo, In which lies Pontlanak, while very 
similar is not exactly the same. In so far 
as this region has some marine clay, the 
physical and chemical conditions of which 
are better. The marine clay has been en- 
riched by absorption and so is more fertile 
and has been planted to countless cocos. 

The pure river alluvia however are poor, 
for they are undeniably leached. Reserve 
capital in the form of still weatherable 
minerals is lacking, and the floating soil 
capital, the absorbed nutrient plant ma- 
terials have to a great extent been washed 
away. The clay Is genuine "hydrogen-clay” 
with a strongly acid reaction (see Figs. 

152 above and Pigs. 155-15^ on page 596). 

Now why Is the Oeloe Soengel a 
relatively favorable exception for Borneo? 
--( 1 ) because the climate is more favor- 
able there than anywhere else. Lying in 
the southeastern part of Borneo, In the 


P. *^3. 

Cf.: H. Frljllng, Bljdr. geol. Kotavarlngln en Kstapang, Jb. Mljnw. ( 1918 ), Verb. I, p. 211. 
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Photo hy I. C. J. Mohr 

Fig* 153. Kbetel River, down stream from Samar Inda, Eastern Borneo. 
Low and weakly roun<^d hilly land; Where the soil Is 1 m. and more 
above high water level It Is red and yellow, when lower It has 
spotted and variegated cqlors, and close to the ground water level 
It Is gray. Infertile fine sand Is everywhere along the river; vege- 
tation gets Its food from the water, since there Is none to be had 
from the soli. 



Photo by f* H« Xzidert 

Tig. 134. Central laatem Borneo. Eoempal grass (Panioun stwgnlT)^>ff ) 
a typo of Bornean marsh vegetation, ocoiing down the Moentai river in 
floating islands. River bank with better forest on lighter ground. 
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Table 8 ? 


ANALYSES OF RIVER WATERS 



Batang 

All 

Awang 

Amoen- 

tal 


Soengel 

Ksdang- 

(an) 


Me 

1 

>681 

2 

Soengel 

Kwaloe 

S.Beengoe 

Bone 

‘S. Bantl- 

moeroeng 


Oeloe Soengel 
Southeastern 

Borneo 

Western 

Borneo 

Eastern Borneo 

Palembabang 

i 

Sumatra ' a 

East 

Coast 

Southwestern 

Celebes 

SiOg 

1.4 

1.8 

2.6 

8.0 

milllg 

8.8 

raiifl pf 

1 11.6 

jr llte 

i 7»0 

ir 

35.1 

15.4 

12.0 

FegOs A1^3 

0.9 

0.8 

1.2 

2.4 

3.2 

1.6 

0.8 

5»2 

0.8 

0.8 

MgO 

2.8 

2.9 

1.6 

5.9 

3.2 

1.2 

1.9 

0.5 

19.1 

2.3 

CaO 

19.5 

17.2 

3.4 

6.0 

6.0 

4.6 

4.8 

3.4 

54.2 

75.0 

Na„0 

10.7 

10.0 

3.7 

6.7 

3.7 

5.8 

4.7 

9.9 

18.6 

9.8 

Kl’O 

2.1 

1.2 

2.6 

2.8 

1.4 

1.9 

1.6 

4.5 

1.5 

3.6 

Cl 

0.9 

2.0 

5.3 

1.2 

1.6 

2.1 

4.9 

0.9 

11.4 

4.2 

S03 

4.2 

5.6 

3.5 

9.4 

4.4 i 

6.9 

4.0 

1.2 

13.5 

8.0 


sp. 

sp. 

0.1 

0.1 

0.2 

0.1 

0.1 

0.3 

0.2 

0.1 

(0O2) 

(24.1) 

(21.2) 

(4.3) 

(11.5) 

(8.1) 

(4.8) 

(4.7) 

(11.1) 

(63.1) 

(63.1) 

(Total of the con- 
etltuents) ........ 

(66.4) 

(60.5) 

(29.2) 

(33.4) 

(40.0) 

(40.0) 

(33.5) 

(69.6) 

(195.0) 

(177.8) 

Dry matter 

70.0 

65.4 

39.2 

34.6 

44.a 

44.6 

38.6 

71.9 

196.2 

179.8 

Loss on Ignition 
(Organic matter+EgO) 

CO 

8.0 

13.0 

6.2 

4.0 

8.6 

10.4 

11.1* 

22.6 

5.2 

Residue after 
ignition. 

6a. 4 

57.4 

26.2 

48.4 

40.2 

36.0 

28.2 

60.8 

173-6 

174.6 


Note: All values are given In mllllgrains per liter. The values within ( ) are only calculated; those for 
COg have been deduced from the difference between the basic and acidic equivalents. The reason why vari- 
ous small rivers have been studied an4 big rivers, such as the Barlt(7 and Kapoeas have been omitted, Is 
because these analyses have been made as a part of the study of Irrigation possibilities. 


rift In the mountain, between Mt. Satoewl 
In the south over Mt. Hantang to Mt. Loe- 
vang, In the east monsoon Oeloe Soengel 
receives significantly less rain (see 
Table 86 ), yet there Is no definite dry 
season such as, for example, Makassar has. 
( 2 ) Since the region lies quite close to 
the mountains only short rivers are needed 
to carry the water from them Into this re- 
gion during the vest monsoon. (3) Because 
the mountainous land Is composed of a 
wealth of all aorta of rocks, which are 
the source of relatively rich silt and 
river water (at least certainly rich for 
Borneo) , Because of these reasons the 
Oeloe Soengel la also the least thinly 
inhabited region of Borneo. 

That the rivers of the Oeloe Soengel 


are indeed richer In lime than various other 
rivers of Borneo, Is evident from the an- 
alyses In Table 87 above, wherein for 
comparison are Included a couple 6 f Su- 
matran rivers of comparable nature, besides 
a couple of Celebes* rivers from genuine 
limestone regions. 

Thus It Is evident that the lime 
content of these Oeloe Soengel rivers Is 
higher than that of the other rivers of 
Borneo, though in comparison with those of 
Celebes the amount Is but moderate. While 
on Java there are rivers with a lime con- 
tent of even more than 100 mg/l.--Also the 
phosphorus content Is low. Rivers in whose 
drainage basins occur young volcanic prod- 
ucts usually have higher values (Sei Kwa- 
loe). In comparing these figures with 

In 1951 kindly supplied for my use a tranacrlp- 
carrled out by W. Weber, but up to the 


i9T. The Institute for Soil Research at Bultenzorg, Java^ 

tlon of a oonsidorable number of analyses of river waters 
present time (1954) these have not yet been published. 
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those of spring vater from young volcanic 
regions (cf. Table 4o) It appears that the 
latter have much more silicic acid In solu- 
tion, while the Borneo rivers have more 
Iron. This Is exactly as would be expected 
In the course of a long time por- 
tions of the river banks may come to lie 
high enough above the water level so that 
there, at least In the surface soil, sub- 
aerlal conditions are able to prevail. The 
rest of alluvial Borneo certainly lies 
under amphibian conditions. This means 
continuous leaching under water, of all 
bases, as well as of iron, the clay In the 
soli becoming more and more heavy and Im- 
pervious. Thus gray to bluish gray col- 
ored soils develop with more or less acid 
humus In or on them. If these soils are 
sandy, then they are of such a nature that 
If a sample Is dried out and Ignited, snow 
white quartz sand Is all that remains be- 
hind. If they are rich In clay, then they 
may vary between light or heavy loams on 
the one hand to stiff hard pale clay, from 
which one can no longer make the ordinary 
bricks, but rather, more or less true fire 
brick, since even the last traces of alka- 
lies, lime and magnesia, as well as Iron, 
have been carried away. Upon quartz frag- 
ments and kaolin alone no plant can exist. 
Hence what vegetation there Is lives most 
extremely frugally upon what new water flow- 
ing to the place may bring with It. It Is 
evident that the vegetation can consist of 
only slowly growing shrubs and trees. But 
If from such a senile terrain the vegeta- 
tion has once been thoroughly grubbed out, 

It does not easily return again. Only 
after excessive floods coming from the high 
back country, which bring along with them 
and deposit relatively much silt which Is 
not too much leached out, Is It possible 
for plants to again develop. Only In that 
thin uppermost layer of the surface soil 
will the vegetation develop and with a 
horizontally widely spread out root system 
In a literal sense will remain "standing" 
on the soli (see Pig. 152, page 593)* 


Evaluation and Utilization 
of the Soils 

At the beginning of this chapter 
dealing with Borneo the reader has been 


prepared for a comparison of this island 
with New Guinea. .Why this Is the case in 
many respects will presently be explained. 

If at times here and there In our 
travels about Borneo it has seemed that 
In comparison with the natives of Java or 
of Ball for example, the native Inhabi- 
tants are too Indifferent, too slothful 
and too backward, we should stop to con- 
sider that the differences are based upon 
completely different causes. Where but 
little Is to be obtained from the soli of 
an agricultural region, the natives have 
gotten that, as the Oeloe Soengel and tlie 
northwestern coastal strip of the Western 
Subdivision of Borneo adequately show. 

And It Is very much a question whether In 
those regions where there Is now nothing, 
where not even once In a long period of 
years Is rice planted, whether even with 
so-called modern western methods of assist- 
ance, such as plows and other agricultural 
Implements and machinery as well as with 
fertilization, can a really satisfactory 
result be obtained. The soil must be 
suited to the crop, and land and water 
must work together, otherwise the case Is 
hopeless . 

Suppose one has a heavy, sub- 
aqueous clay soil, composed largely of thn 
so-called hydrogen clay. Superficially one 
might most probably simply say: draining 
and generous fertilization will produce a 
harvest from this land. But If we stop to 
figure out how much calcium, potassium, 
magnesium, and phosphorus we would have to 
add In order to convert this clay Into a 
useful soil with a moderate base satura- 
tion, then we arrive at such enormous 
amounts that It Is clear that It would be 
quite Impossible to develop an agriculture 
which would pay. In order to make this 
clearer, let us make the matter more con- 
crete with a few figures; the hydrogen 
clay Is perhaps less than 55^ saturated with 
bases, as contrasted with being more than 
93^ saturated with hydrogen. To make 
this soil productive the base saturation 
should be raised to around 70 ^, Thus 
Peullletau De Bruyn^®® says quite truly, 
and this applies especially to the pick of 
all the districts of Borneo, the Oeloe 
Soengel; "The way In which the natives of 
Hoeloe Soengel work their paddles makes a 
poor Impression upon the superficial 


198. L. c ., p. 70. 
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observer. But no matter how primitive this 
rice culture may appear to the eye, yet 
under the circumatancea It is In reality 
the moat rational way of doing it." 

Rice la planted both (a) on upland 
soils, which are not flooded, and (b) on 
soils which, while for moat of the year 
are submerged swamp lands, yet are peri- 
odically exposed. 

a. On the upland soils (not 
flooded) the Dajaks really plant only rice 
and they continue to plant it just as many 
years in succession as that is possible. 

On the "richest lands," this may sometimes 
be as much as 2 to 5 years in succession, 
however, in by far the largest number of 
cases but one crop can be raised, after 
which the land is allowed to lie fallow for 
perhaps 10 years, and sometimes even as 
long as 15 years. As to yield, Uljee men- 
tions that "for the kalngins of the Dajaks 
this is ordinarily taken to be 20 piculs 
paddy." That may be correct for the better 
lands, but for a general average this fig- 
ure is apparently much too high, since it 
is but seldom attained even on upland rice 
fields on Sumatra and Java. 

Meaniwhlle exact figures are still 
lacking. It is surprising that in the 
Reports of the Agricultural Extension Ser- 
vice, during the first years after this 
had been established on Borneo, there was 
not a word mentioned about cultivation of 
rice. In the beginning the reports dealt 
entirely with the production of rubber, 
later they have also Included the cultiva- 
tion of coconuts and pepper. Apparently 
as long as there are profitable commercial 
crops to be dealt with, the food crops re- 
main entirely in the background. Borneo 
thus offers an entirely different picture 
from that of Celebes and of Java, where 
the food crops are the most important, 

^nd plantation crops occupy a secondary 
place. If, however, simple kalngins really 
did yield an average of 17*^ quintals per 
ha, paddy, we may rest assured that there 
have been a much more extensive and 
li'tensive cultivation of rice and other 


food crops, and as a consequence a notably 
greater density of population than is ac- 
tually the case. 

It is worthy of note that follow- 
ing Uljee* 3 estimate of yields of 1?.^ qu. 
ha. (20 piculs) of paddy for the Dajak 
kalngins, he considers that "the Pontia- 
naks on the coast average 21 to 28 quin- 
tals per ha. (24 to 52 piculs) paddy, "in 
the Chinese districts frequently two crops 
a year are raised so that the (annual) 
yield is doubled." How is that to be ex- 
plalned?--In this connection it might 
merely be mentioned that while Moojen^°^ 
did everything possible to establish a 
regular lowland rice culture in Pontianak 
he frankly admitted his failure. Also 
Later^°^ mentioned the only mediocre suc- 
cess of lowland rice culture in Landak. 

In consequence exact figures relating to 
lowland rice culture are very much to be 
desired since, speaking generally, it is 
difficult to believe that if an Industrious 
native peoi)le such as the Dajaks are able to 
produce 17 quintals paddy per ha. and the 
Malays 21 to 28 quintals per ha. why it 
should not be cultivated more extensively 
and why the density of the population 
should not be greater than it is. 

On the other hand Moojen mentions 
the "outstanding coco soils," the low 
sandy banks along the coast, which cer- 
tainly contain some clay, that is, they are 
really a sandy clay; here also should be 
Included "the high lands (pematangs) on 
Padang Tikar, consisting of sand and clay." 
Spaan^°^ speaks of "relatively small strips 
of clay along the coast (of Sambas), where 
the Chinese farmers really harvest from 
their cocos 50 to 60 and more nuts per 
tree per year, while annual crops are not 
worth mentioning. Since the "peat marsh 
soils" lying behind the low sandy ridges 
"are less suitable for cultivation" they are 
allowed to remain under heavy forest. Ul- 
jee writes: "The Coastal tract is almost 
one continuous coco palm plantation. By 
comparison, the areas of paddles, sago 
palm gardens, and nipa pale into 


199 . Cf.: G. L. Uljee, Handl). Weeterafd. Borneo (Batavia, I925), p. 64; J. F. Later, Mem, Overg. Gezagh. 

Landak (1919), p. 17. 

200. Afd. Landbouw, Veralag, I 927 , 1928 and 1929; later reports have not appeared. 

201. J. G, Moojen, Aanvull, memorle Pontianak (1922), p. 2. 

202. J, Later, Memorle landechap Landak (1919), p» 55. 

Spaan, Nota Sambae (1955), PP. 9 and 22. 

W, P. 68. 
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Insignificance. It Is thus desirable not to be planted for a somewhat greater 
to give an exaggerated Impression, since number of years than kalflglns which are 
’’the strip of land, which Is planted with always above flood level. Still, In most 
cocos, varies in width from 2 to 8 km.” cases, after 2 or 5 years even these 

It Is Indeed a very narrow border along paddles must also have a couple of years 

the coast. Behind this fringe, where the rest. Only here and there in Oeloe Soengei 

marine clay has been leached out with fresh do they continue to plant the same fields 
water and gradually changes to poor, acid, longer. It can be done there because the 
peat marsh soils, cultivation la no longer nature of the Irrigation water and of the 
possible. Ve should also keep In mind climate help to make it possible, 

what Moojen states, ”ln some places In 400 As a crop maize Is of no Importance 

years the shore has extended seaward 8 In Borneo, and sago Is only slightly so. 

hours walk (40 km.).” This amounts to an According to Peullletau de Bruyn, this 
annual Increase In the land of about 100 m. Is because the sago palm grows by prefer- 
wldth. The various stages In the advancing ence on the low banks along the rivers In 
of the shore line are apparently about as the swamps. In the deeper places where 
follows: Along the sea there Is a narrow there Is much water this palm will not 

strip of land suitable for cocos, this grow, nor will It do any better on the 

continually grows out to the west and will higher banks. Consequently In the Oeloe 
be planted. In the east, however, as the Soengei, the sago region where these palms 
acid peat water leaches the soil colloids not only grow wild but are also planted, 

and transforms them Into ’’hydrogen clay” Is limited to the strip between Marabatan 

which to a great degree had been rapidly and Kablrau, along the Negara. This Is 

saturated In the sea, the resulting soil Is one of the special cases of edaphlc re- 
exhausted, Infertile, and is abandoned. qulrements, expressed In more general 

This phenomenon Is of course not terms by Van der Laan^ when he says: 

limited to western Borneo, but Is also ’’The Immense tropical rain forests of 

taking place along both the southern and Borneo, mentioned many times In the past 

eastern coasts of this gigantic Island. and down to the present time by many 

b. Where paddles have been men- writers, but still never analyzed, may be 

tloned above, these must not be confused characterized quite readily In the plant 

with the kind of paddles which are found associations to be described which are 

on Java, Celebes, etc. These paddles on closely related to the nature of the soil.' 

Borneo really ought to be called marsh The occurrences of the cocos In the small 

paddles or still better marsh kalftglns , for coastal strip of western Borneo, above 

such rice fields are not regularly Irrl- described. Is an exraple of how close the 

gated. We are here dealing with low lying connection Is between soli type and plant, 

lands, which In the rainy season are sub- Although the subject has not yet been ade- 
raerged. In the ’’dry season” (better called quately Investigated this close relatlon- 
the season of less rainfall) the lands are ship will .ndoubtedly also prove to be 
gradually exposed and then as rapidly as true for the various kinds of rattan, the 

possible the paddles are planted. This different trees furnishing dammar resins, 

season of less rainfall continues for a iron wood, etc. It will likewise be true 

few months and during this time the rice for the Introduced Hevea rubber, 
can develop and ripen. If because of ab- The occurrence of certain crops, 

normal drought the drying out of the land however, besides being connected with the 

occurs too rapidly, then the crop falls soil and climate. Is also dependent upon 

because of lack of water. If the rainfall special factors as, for example, the race 

Is excessive, the crop Is drowned and In of men which cultivates the crop. Thus 

this case, too, there la no harvest. The the Dajaks, beside predominantly upland 
modicum of plant nutrients which the an- kalHgln rice, plant but few other crops, 

nual flooding brings with It, as a rule such as fruit trees and root crops. 

makes It possible for these marsh kalflglns the Malays, beside rice on the marsh pad e 

20^. L. 0., p. 77- 

206. E. van der Laan, Bosechen der Z. en 0. Afd. v. Borneo, Tectona, XVHI (1925), p. 933* 
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Photo by F. H. Endert 

Fig* 155* Poeroen ruches (FymbrlGtylls dlphylla ) from which mats 
aro woven, growing along the Slran swamps. Southeastern Borneo. On 
the subaqueous soil under this growth there forms but little peat. 
(See pp. 39^S ^+0^*) 


plant rubber on the lover, slightly irregu- 
lar foothills. The Chinese plant cocos on 
the coast, and also pepper ( Piper nigrum ) 
and gambler where the soil Is good enough 
^’or them. They always plant relatively 
high value commercial crops, which require 
special care. With respect to crops which 
are really cultivated more like garden 
crops than as agricultural crops, such as 
In western Borneo the semangka ( Cltrullus 
yulgarla) (and that applies In a still 
greater degree to the laboe ( Lagenarla 
jeucantha. ) T the soil becomes ultimately so 
intensively altered Into the condition 
^hlch the cultivated plant requires that 
the nature of the original soil tyi.'je used 
^or these crops la a matter of relatively 


secondary Importance. When such a crop, 
however, is cultivated upon a large scale, 
It often comes about that the natural 
factors of soil and climate do not cooper- 
ate. In Borneo tobacco, as is generally 
the case throughout the Netherlands Indies, 
Is planted on a small scale by the vil- 
lagers for their own use. Sugar cane, also 
Is found generally In small quantities. 

But there are no large sugar cane fields. 

As an European plantation crop tobacco had 
been raised In British North Borneo for 
more than half a century. Now Its culti- 
vation has been given up. Not only In 
Western Borneo but also in Southeastern 
Borneo cotton was also formerly planted; 
the cultivation of this crop has now 
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vanished. At present ( 19^54) serious con- 
sideration Is being given to the Introduc- 
tion of the cultivation of cotton In New 
Guinea. Although In the beginning for a 
few years it may perhaps go well and give 
hope of success, considering the points of 
very great similarity between Borneo and 
New Guinea, with respect to soil and cli- 
mate, the prognosis for these plans cannot 
be favorable. 

An example of a crop which not 
only occurs naturally on Borneo In the 
swamps, but Is also planted. Is the rush 
poeroen danau ( Leplronla mucronata ) . It 
Is true that this plant does not give any 
very high value product, but certainly It 
will hold Its own, since the poeroen mats 
are made from it, and these as wrapping 
for bales of tobacco, go all over the 
world. Also poeroen tlkoes ( Plmbrlstylls 
globulosa ) Is found both wild and culti- 
vated. Prom this rush finer mats are made. 
Prom ancient times these reeds have been 
at home In these subaqueous and relatively 
poor soils and In the future they will cer- 
tainly continue to grow here. 


♦ ♦ * * * 


Looking at the Island as a whole, 
we come to the following conclusions: Ex- 
cept on a few, somewhat better portions of 
the land on and near to certain younger and 
older eruptive rocks in western Borneo In 
the Oeloe Soengel, Borneo In comparison 
with Java, Ball, etc., has naturally so 
very much poorer soil that In the near 
future It cannot produce enough grains 
such as rice and maize and other food 
crops to feed a dense agricultural popula- 
tion. 

Borneo Is a land of commercial 
crops, and among those especially the 
shrubs and trees— a land of extensive plan- 
tations, a region of forest products. The 
Javanese and Balinese are agriculturists 
and nothing more. The Malays In the first 
place are traders Inured to the sea and 
In addition, without depending upon age-old 
custom, they plant whatever promises them 
some profit. It Is for this reason that 
on Borneo but not on Java and Ball the 
natives have so rapidly gone Into the cul- 
tivation of Hevea. In the future also the 


Malays and Chinese will raise what the 
world demands. .. .cocos, gambler, pepper; 
and even though they may be verjr extensive 
cultures, forest products as rattan. Iron 
wood and tengkawang will gradually come to 
be cultivated. • 

On the other hand Borneo *s soli 
offers various possibilities In the domain 
of commerce, along lines In which on Java 
there may be little or no opportunity at all 
for development. Almost everywhere In 
Borneo under the allochthonous deposits 
along the big rivers can be found better 
earth than on Java for the making of bricks, 
roofing tiles and other terra cotta prod- 
ucts. On Borneo, especially In the south- 
east are enormous quantities of Iron ore. 
And when the technic for the preparation of 
liquid fuels, etc., from coal, lignite, and 
even from peat has been developed suffi- 
ciently, Borneo has limitless supplies of 
the raw materials. 

In short. It seems to me that the 
time for the development of Borneo, even 
estimated roughly, lies far outside of 
these present times, and that first of all, 
commerce and Industry must come Into bloom 
before agriculture proper can obtain impor- 
tant opportunities. Was it not also the 
case In the Netherlands, that even after 
shipping and commerce had already been 
developed to a high degree that Betuwe and 
Groningen Wbre still of no Importance as 
agricultural regions? — It was the wealth 
obtained through commerce and shipping 
which placed agriculture In a position to 
develop an originally but fair to poor soil 
(in various respects to be compared .with 
those of the plains of Borneo) to a height 
which can be paralleled In only a few parts 
of the world. In the Netherlands, for ex- 
ample, we use large amounts of commercial 
fertilizer. On the one hand this Is an 
Indication of the Intenslvlty of the agri- 
culture, but It Is also Indicative of the 
relative natural poverty of the soil. So 
there seems to be a possibility that In the 
far distant future Borneo will develop a 
great agriculture, even though this can 
only follow commerce and Industry. 

The south Russian peasant on his 
fertile black earth, the Egyptian fellah 
on his Nile silts which have been very 
ductlve for thousands of years, the Hin- 
dustani of Central India on the continu- 
ously productive “regur," and finally the 
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Javanese native on hla soil which has been 
rejuvenated time and again by eruptions of 
volcanic ash are all representatives of 
static soil utilization. Alterations of 
the soil which mean progress arise from 
bitter necessity In those lands with poor 
soils. Will Borneo sometime outstrip Java? 
—Most probably the present generation will 
never answer this question. 


* * * # # 


BANGKA AND BILLITON 


As regards their geology, their 
climate, the nature of their soli and vege- 
tation these two Islands so Important for 
their production of tin are so strikingly 
almllar that for our purposes they can 
without difficulty be treated together as 
one. 

As shown by sheet IX of the Geo- 
logical Reconnaissance map of the Nether- 
lands Indies Archipelago and the accom- 
panying treatise by Van Es, there Is also 
much similarity between these Islands and 
large portions of Western Borneo, as for 
example, the surroundings of Bengkajang and 
Ketapang. Much of what has been said about 
Borneo could simply be repeated here, al- 
though considerable differences must also 
te taken Into consideration. In ^ny case 
the similarity justifies brevity here. 


Soil-Forming Rocks 

In contrast with other Islands, we 
see In the map already mentioned and the 
adjoining sheet VIII, prepared by Zwler- 
zyckl^°® an unusually simple series of geo- 
logic formations. As It has been said 
fiangka andBllllton with the surrounding 
smaller Islands, consist of granite and a 
^tngie sedimentary formation. .. .which Is 
composed principally of sandstones, quart- 
zites and clay schists. (Cf. Figs. 


156, lb7, pages 4o4, 40b.) 

The granite Is "predominantly blo- 
tlte granltlte." That Is to say: (l) Be- 
sides orthoclase (potassium feldspar), as 
a rule plagloclase (calcium-sodium feld- 
spar also occurs. (2) The mica granltltes 
are more widely scattered than the horn- 
blende granltltes. (3) Under the micas 
the dark blotlte (iron magnesium mica) Is 
much more common than muscovite (potassium 
mica) . 

The sandstones consist predominantly 
of quartz grains but sometimes also Include 
fragments of schists or shales. With silica 
as a cementing material, and with transi- 
tional forms of siliclous sandstones and 
sandy quartzites, they go over Into real 
quartzites. Still the sandstones are not 
hard, that Is to say, they easily disinte- 
grate or break up. The quartzites are, on 
the contrary, very hard, for this reason 
they are not much attacked by weathering 
(especially in a climate as that of Bangka 
and Billiton with much cloudy weather and 
small temperature differences) so that the 
quartzites now stick up as steep peaks and 
mountain ranges above the surrounding sand- 
stones and other rocks. And In the 
cracks and crevices deposits of Iron hydrox- 
ides are also found, as well as clay par- 
ticles, which are the Impurities occurring 
In the quartzites. 

Depending upon the content of Iron 
(brown Iron ore) the clay schists or clay 
shales are light gray to dark brown In 
color. 

In this mixed formation In the 
northern parts of both Islands diabase also 
occurs In a very few places, as well as 
tuffs, the latter for the greater part 
slllclfled. For the formation of soils they 
are of as little Importance as the few In- 
significant outcrops of crystalline schists 
which have been found on Bangka, though not 
on Billiton. 

Since, except In perhaps a few 
occurrences, which then should be older, 
the granite has broken through the sedi- 
mentary formation. Along the contacts are 
found larger or smaller quantities of 


2^7. In Jb. Mljnv. N. 0. I. (1918), Verb. II. Prepared by L. J. C. van Es, Jr. 

In Jb. Mljnw. N. 0. I. (1929), Verb. Prepared by J. Zwierzyckl. 

R. D. M. Vorteek, Geol. boechr. v. Bangka en Billiton, Jb. Mljnw. (l897), Wet. Ged., p. 20. 

Verbeak, 1. o., p. 85. 




Fig. 156. Map of Bangka. 

G = Granite t - Trias - claystonoS; sandstones, etc. 
D * Diabase a » alluvium » recent sedimentary depo- 
Ks = crystalline schists sits, etc. 


metaraorphlc contact rocks such as hom- 
fels. They are composed of quartz, brown 
and sometimes green mica, sometimes a 
little orthoclase, magnetite, and zircon. 
Since even originally these rocks possessed 
but very few constituents which weathering 
can affect and besides In a certain sense 
these rocks ’’have been hardened In the 
fire," they weather only with great diffi- 
culty. 

Because of the great Importance of 
the tin content of granites In tin raining, 
Verbeek has analyzed a number of samples. 
But not a single complete analysis of a 
granite was made, neither then nor later. 
Nor have I been able to find a single 


complete analysis In the literature. More 
over, I have not been able to learn of the 
complete chemical analysis of any other 
rocks of either Bangka or Billiton. 


Cljlmate^ 

Beoause of Its uniformity the 
climate of Bangka and Billiton may also be 
handled very simply. The Islands 11® 
between 2° and 5 south latitude 1 thus ve 
close to the equator, and still farther 
west than Borneo, so that we may expec 
little Influence from Australia. Because 
of these reasons these Islands have a 


211. Terbeek, 1. 0 ., pp. 117-155. 

212. Cf. : C. Braak, Hat Kllmaat van Hed. -Indie, 11, pp. 135-l*^5• 



BANGKA AND BILLITON— CLIMATE 


405 



Fig. 157 . Map of Billiton. 


a = alluvium 
G = granite, etc. 

Clearly equatorial climate. 

On Bangka the highest mountain is 
but 700 m. high and on Billiton only 510 
ni., so that we would not expect these to 
have much effect upon the prevailing mon- 
soon winds --certainly nothing more than a 
alight Increase of the rainfall on the 
vlndward side. 

At sea level the temperature aver- 
ages about 26^0. Prom month to month the 
dally average does not vary even 1°. While 
In the course of each day the range Is from 
about 23° at night to about 29° at midday. 
On and near the highest points of these 
islands all these temperatures are lower 
hy^about 3 to 4°, hence temperatures below 
20 will very seldom occur, just as seldom 
as midday temperatures above 30° * But In 
the soli on bare, dark land such tempera- 
tures of course do occur. Yet because of 
the naturally Increasing forest and Its 
shading of the ground, taken by and large, 
higher soil temperature than 25 to 27° 
be taken Into consideration. 

The humidity of the air Is high. 


8 = uhales and other sedi- 
mentary rocks. 

At Tandjoengpandan, for example, the aver- 
age relative humidity of the air Is 89 per 
cent, varying from month to month between 
87 and 91 per cent, and during a single day 
between 96 and 78 per cent. When exposed 
to the air table salt will practically 
always become liquid, and drying out of 
the soli can only occur where man has 
cleared off the forest, and even then only 
with difficulty, since on Bangka and Billi- 
ton It rains the whole year round. This Is 
shown by the rainfall table (Table 88, page 
4o6) compiled In the usual manner. 

As may be seen from Table 88, on 
these Islands there Is not a single average 
monthly figure which Is less than 100 mm. 

But of course that does not exclude the 
possibility that In some years there may 
occur "dry" months. Indeed, sometimes 
there are a couple or even three such months 
In succession. So, while occasionally there 
may be times of drought, especially In lo- 
calities toward the east and south, such as 
Soengeillat, Pangkalplnang, To*boall, Manggar 
and Dendang, yet apparently such dry periods 
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Tabl» 68 


piggiiBunoH or Tm uanoL tbbouqbout tbi ysar on bahgka amp Bimrcai 


station 

(Location) 

Slenktlon 

above 

the sea 

In n. 

Humber of 
years" of 
observa- 
tions 

Rainy 

days 

per 

year 

Jan. 

Peb. 








B 





Arid 

(dry) 

months 

Ttonglm 














— 






Nuntok 

Veat 

about 10 

52 

149 

428 

286 

311 

261 

182 

130 

102 

107 

107 

191 

313 

604 

2905 

12 

0 

DJeboae 

Horthveet 

" 20 

45 

171 

424 

240 

264 

293 

267 

186 

176 

199 

216 

288 

382 

622 

3466 

12 

0 

Bllnjoa 

north 

•' 15 

45 

169 

400 

190 

226 

276 

246 

186 

166 

162 

183 

240 

367 

482 

5104 

12 

0 

Soengelllat 

Horthaast 

10 

43 

l42 

291 

171 

198 

183 

172 

164 

136 

113 

III 

167 

210 

318 

2213 

12 

0 

Pangkalpinang 

Kaat 

about 20 

43 

156 

296 

219 

264 

230 

IBS 

I 47 

186 

112 

124 

160 

224 

316 

2405 . 

12 

0 

Kbba 

Southeast 

10 

1^2 

138 

260 

169 

228 

267 

203 

186 

147 

134 

144 

175 

241 

268 

2592 

12 

0 

Toboall 

South 

6 

43 

170 

23S 

191 

233 

239 

288 

218 

168 

188 

III 

206 

262 

273 

2551 

12 

0 

Pajoeng 

South Central 

about 

22 

177 

338 

280 

363 

326 

281 

196 

130 

138 

164 

272 

306 

332 

5126 

12 

0 

SoengelBelan 

Central 

12 

29 

179 

288 

243 

309 

301 

218 

220 

162 

192 

219 

261 

297 

302 

5012 

12 

0 

Billiton 




















TAg. pandan 

Vest 

at sea 

level 

52 

183 

280 

167 

198 

268 

246 

180 

170 

139 

169 

271 

363 

416 

2866 

12 

0 

Boedlng 

Barth. 

" 

45 

169 

366 

181 

261 

349 

296 

219 

187 

140 

162 

246 

366 

432 

3183 

12 
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Muig^ur 

Kast 

" 

51 

160 

307 

206 

264 

229 

262 

202 

164 

124 

102 

169 

246 

367 

2610 

12 

0 

Uandang 

South 




146 

264 

176 

241 

243 

266 

176 

143 

109 

III 

187 

282 

316 

2494 

12 

0 


will not alter the general character of 
the climate which la ’'always wet." 


Ways In Which Weathering Occurs 

and Resulting Soil Types 

Beginning with the residual cases, 
it will he noticed in the first place 
that the rocks of Bangka and Billiton are 
not Inclined to weather rapidly chemically. 
If auch rocks were exposed In a temperate 
or cold climate they would probably weather 
little more than purely physically, that is 
to say, bursting and breaking down more or 
less into smaller fragments. But In the 
warm moist climate in which they actually 
are they most certainly do weather chemi- 
cally, but relatively slowly. The conse- 
quence of this Is that surface erosion can 
keep up pretty well with the weathering, so 
that no considerable thickness of residual 
materials can accumulate. In general, 
where the terrain has even only a moderate 
slope, the solid rock must lie quite close 
to the surface or even be exposed. More- 
over the rocks are old, from the standpoint 
of weathering very old, and the altera- 
tions in their position as a result of 


tectonic movement also occurred In the very 
distant past. These are the reasons for 
the generally weakly sloping landscape 
forms (see Pig. l6l, page 4l2). These are 
also the reasons for the relatively great 
areas of weathering material occupying 
secondary positions. 

And It should be noted that not 
only by means of water flowing over the 
surface was that material moved from the 
places where It was formed. With the very 
long duration of the whole process on theae 
two Islands the phenomenon of " creep "^^^ 
has played a more Important role than In 
many other "portions of the Archipelago. 
Especially for Bangka A. C. de Jongh^^*^ has 
drawn attention to this phenomenon. Under 
the influence of gravity, the weathering 
mass of loose, earthy material will move 
very slowly down over the sloping bed rock. 
But besides gravity there must also be some 
reason, a cause, for the soil to begin to 
move. Certainly the first factor In fa- 
cilitating the creep Is a greater or lesser 
degree of plasticity of the mass. While 
smaller portions of the soli remain homo- 
geneous, yet the soil as a whole flows as 
If It were a thick syrup. But a loose mass/ 
without plasticity, would not move in this 


215 . Through oversight the phenomenon of creep was not treated in the general Part I; this explains 
why the treatment has here been made somewhat broader than would otherwise have been the case. 

2l4. A. C. de Jongh, Het ontstaan van waschertsafzettlngen op hooge kanten on in valleien van het elland 
Bangka, Alg. Ingen. Congros, (Batavia, 1920); 5e Beetle: Mljnb. Gedl., > I 5 ff of the separpl^- 
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way. Periodical ahrlnkinja; and svelllnpr goethlte grains of around 1 mu dlamater, 

must occur to start the creep. Since the has very little Influence upon the charac- 

masa Ilea upon a slope, when the soil ter of the clay. Hence this soli must swell 

shrinks each part of the surface soil moves when It rains, and shrink when the weather 
Itself a minimal distance downwards. When is dry, and In consequence Is subject to 
the soil swells It la the subsoil which creep. 

moves downwards. All parts do this equally, Where in the East Indian Archipelago 

hence the whole mass moves gradually down do we find this phenomenon of creep most 

the slope, while, as a whole, the several pronounced?--In just those places where 

parts of the entire soil mass do not alter the oscillations In water content of the 

their positions with respect to each other, soil are large, where the plastic soil ma- 

These periods of shrinking and terlal exhibits much shrinkage and swell- 
swelling may be dally, though they may be ing and In spite of high plasticity Is 

of longer duration, for example, annual. still yet so porous that the water can pene- 

If they are caused by _dlfference 3 In tern - trate deep Into it. Thus heavy clay, which, 

perature , then In the tropics they are ob- for example, Is flocculated by a high lime 

vlously dally ones. While In higher latl- content, the effect of which is to markedly 
tudes there may also be an annual tempera- Increase the permeability; such a clay is 

ture period because of the differences be- in marl clay and marl loam soils. On Java 

tween summer and winter. If however the this soil type is known all too well and 
period of shrinking and swelling Is brought there that soil creeps so strongly that not 
about by alternation of wet and dry sea - only can the geologist demonstrate the phe- 

sons, then It Is principally an annual nomenon from a combination of indirect ob- 

perlod, although periods of much shorter servatlons, but also every layman sees it 
duration, even dally ones may also occur. with his own eyes, so that such soils are 

This last form of shrinking and swelling Is known as "sliding soils." They occur in a 

dependent quantitatively to a high degree number of places in that Island where Ter- 

upon the content of colloids In the soli, tlary formations are predominant, such as 

combined with the plasticity and the force the northern part of Bandjarnegara, de- 

of cohesion of the particles. Thus It scribed in detail by Harloff.^^^ 

varies with the magnitude of that value Later on when we are considering 

which Is well called "the shrinkage." For the soils of Java In detail ve will come 

some kinds of heavy clays the linear back to this special case, for the present 

shrinkage may amount to 20 per cent and we may be content with calling the atten- 
more, for quartz sand It Is zero. That the tlon of the reader to the following sentence 
creep caused by the wetting and drying of from Harloff: "During the abnormally long 
quartz sand does not amount to much, while dry season of 1929 the writer was struck by 

for loam and clay It Is greater as the soil the fact that the bone dry uppermost layer, 

contains more clay Is Immediately obvious almost falling apart to a powder, moved 
without any further discussion. At the downward more rapidly than the layer under 
same time, there are soils which do contain It which was somewhat moistened by the 
ipuch colloidal material, but which lack the ground water, even though this lower layer 
force of cohesion, such as Iron-rich brown consisted of almost equally fine powder." 
lixivium soils and which occur In consider- — Harloff *3 explanation, however, which 
able amounts on Java and Sumatra. Such follows Is not clear to me. It would seem 

soils show leas creep and In blocks they that he has made it more complicated than 

^Iso exhibit much leas "shrinkage," (al- necessary. Isn*t It true that during this 

though upon microscopical examination they long dry season in the upper layers the 

can be seen to be full of fine capillary creep downwards during the day must indeed 

cracks). have be6n considerable as also the contrac- 

But the Bangka soil, residual upon tlon? But during the nights moisture came 
granite. Is Indeed a quite heavy, slippery up as vapor from the deeper lying subsoil 
clay. And apparently the red Iron oxide In and was absorbed In the surface soli which 
It, which seems to be well crystallized had meanwhile cooled off. The consequence 

215 . Ch. E. A. HArloff, Over het krulpen van don bodem, enz., De Mljnlng. XI (1930); P* 96-101. 
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was swelling, again followed by creep, the 
latter again downward. During the follow- 
ing day the cycle was repeated. This la a 
beautiful example of "dry creep," intensi- 
fied by the high water capacity and plas- 
ticity of the subsoil. One can picture to 
himself how after the first, continuous, 
heavy rains this dry creep was converted 
into visible "sliding" and slipping off of 
entire slopes 1 

* * ♦ * * 


On Bangka and Billiton the sub- 
aerlal, chemical weathering of the granite 
proceeds in the following way: The ortho- 
clase loses its potassium, which is re- 
placed by hydrogen. After the intermediate 
stage in which there exist little scales of 
muscovite, the end result is kaolin. The 
biotlte loses magnesium; kaolin and iron 
oxide remain behind. If amphibole be pres- 
ent, magnesium, calcium and ultimately 
sodium disappear, while Iron oxide and 
eventually aluminum oxide are left over. 

Also the silicic acid Is slowly carried 
away in the endlessly supplied fresh rain 
water. The smaller accessory minerals may, 
for the greater part, remain behind unal- 
tered, scattered through the main mass of 
material which is a pale or somewhat brown- 
ish red to red, more or less heavy clay. 

For the greater part the quartz, too, re- 
mains behind unattacked, in Irregular, 
sharp- cornered fragments, scattered through- 
out the entire mass. Freed from bases the 
pH of the clay falls to below If from 

the vegetation some oxidized organic matter 
gets into the deeper layers of the soil, 
then the pH can become still lower, and 
under these amphibian or subaqueous condi- 
tions some iron becomes mobile. The com- 
pounds which move are rather the brown iron 
oxide hydrates with larger amounts of water, 
than the already dehydrated, red iron ox- 
ides. As a result, the surface soil be- 
comes redder, the deeper subsoil becomes 
more flecked or veined with brown. In 
3 hort--the' picture is not very divergent 
from laterlte formation already described 
on pages 14^-143 . Where iron concretions 


exist, bauxite nodules can also form. 

“Brown iron ore" is known to occur in many 
places on Bangka and Billiton. Verbeek^^^ 

' described bauxite nodules from Billiton, 
and I have obtained the same kind of nod- 

217 

ules from the same island. 

Subaqueous weathering on Bangka and 
Billiton, as a result of the continuous, 
fresh additions of water, is equally effec- 
tive in causing the granite to lose its 
bases, so that the residue from the weather- 
ing becomes more acid. Iron and aluminum 
oxide are likewise leached out and there 
remains a white layer of lixivium, on which 
is a humous, grayish layer and the profile 
is capped by a strongly humous, peaty black 
layer. The white layer is kaolin plus 
quartz, besides originally precipitated 
silicic acid (see Fig. 158, page 409). 

Also on these Islands large quartz 
prisms are found which are more than a 
decimeter in length and several cm. thick, 
and which appear on the outside as if they 
were strongly etched. And some do believe 
that the dull milk white outward appearance 
is to be ascribed to etching. How and when 
and where it could have taken place, however 
remains an open question. Others believe 
this dull rough surface to be the result of 
friction and slipping. But forms also occur 
which could hardly be produced in that way. 
For example crystals thick in the middle 
become thinner toward the outer ends with 
rounded faces, but still with the cross sec- 
tion remaining definitely six-angled. If 
this rounding off were the result of slip- 
ping, then it is difficult to see how the 
hexagonal cross section could continue to 
persist so well. But may it not be possible 
that the phenomenon is just the opposite, 
namely that the crystals have not dissolved 
away in the soil but that they have been 
growing? Has not perhaps fresh 3 IO 2 been 
deposited on the faces of the prisms from 
the acid aqueous soil solution? The dull 
surface would then be ascribed to the grow- 
ing of the crystal in the surrounding clay 
mass which contained all sorts of irregular 
harder and softer portions, which would 
prevent the formation of smooth faces. 

But however this may have come 
about, the final outcome of the subaqueous 
weathering Is a mixture of quite pure 


216. R. D. M. Verbeek, 1. c., p. 175- 

217. These are now in the collection of the Institute of Soil Science at Bultenzorg. 
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Photo from Billiton— Ml J. 

Fig. 158. Open pit mining of tin ore, Billiton. In the profile, 
at the left are exposed suhaerial red and yellow layers, helov 
which are Iron concretions, then kaolin, meters thick, two layers 
of which are separated hy a brownish yellow layer. 



Photo from Billiton— Ml J. 


Fig. 159. View over the low hills (padangs) of Manggar and Samak, 
Billiton. Poor grass vegetation. (See page 410.) 
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kaolin and quartz in variable proportions, 
besides some tourmaline and still a few 
other minerals, of vhlch the most important 
is the tin ore, casslterlte, which is not 
attacked by either subaerial or subaqueous 
weathering. 

Regarding the kaolin on Bangka, it 
can also be said that for the greater part 
i^ is crystalline and consists of minute 
scales, often hexangular and of a diameter 
of from 2 to 40 mu. Analyses have already 
been recorded in Table pages 139-160. 

Among the sedimentary rocks are 
the sandstones. These for the most part 
consist of quartz grains and usually with 
silicious cementing materials, but some- 
times however with a larger proportion of 
iron oxide as the cementing material. Upon 
subaerial weathering these rocks produce a 
sandy soil, which most times is somewhat 
yellow or yellowish brown from the iron, 
but apart from this element is a poor sub- 
stratum for vegetation. VHien such a soil 
remains under subaqueous conditions, the 
sandy soil will also lose that iron through 
leaching. The iron is precipitated else- 
where as concretions, veins and layers. At 
many points, more frequently on Billiton 
than on Bangka, are found the so-called 
"padangs." These are slightly, elevated, 
flattlsh very weak lens-form bodies of 
sandy soil, which carry a miserable vege- 
tation, "dry hard grass, or low scrub"^^® 
(see Fig. 139 ). However although it is an 
autochthonous weathering soil from an al- 
lochthonous sand bank, which once was a 
river deposit or a barrier beach, this is 
not an autochthonous weathering soil on 
sandstone. There is however some simi- 
larity between these various sandy soils 
soils. We must not neglect to mention 
that deeper in the profile of these padangs 
many times a layer impervious to water 
occurs. This horizon is called by the 
Chinese "fo sau kak, " and consists of 
quartz sand cemented together by a dark 
brown cement composed of both organic 
matter and Iron oxyhydrate, It Is clear 


that this deposit must have its beginning 
at the boundary of the ground water. In 
the deeper part of the padang, standing 
under water, where also even braiklsh 
water can be present the iron oxide dis- 
solves and is then repreclpltated again 
in contact with the soil air, higher up 
in the soil profile. Traces of organic 
matter, carried downwards by the rain 
water, combine with that iron and accumu- 
late. Once shut off, the ore layer 
must grow upwards and fix with it all the 
iron carried down out of the yellow sand, 
while the conditions in the entire padang 
gradually change from subaerial into more 
subaqueous ones. The yellow sand becomes 
bleached to a pale gray sand and with much 
rain the padang becomes white. But because 
of organic matter the water is reddish in 
color, and where it is deep appears much 
darker, a coffee color to black. Hence the 
Malay name " ajer hitam " meaning black water. 

Under the conditions on Bangka and 
Billiton the clay schists weather by taking 
up water again and reverting to clay or 
loam with more or less fine sand in propor- 
tion to the amount and size of quartz grains 
in the parent rock. The clay may be pale and 
and heavy, or browner and redder and then 
somewhat lighter, but always difficultly 
pervious. But thick layers of weathering 
soil never accumulate on it. Erosion from 
the surface And apparently also creep carry 
off much material toward the valleys and 
via the rivers to lower, flatter terrain. 

As this process has been going on for an 
endlessly long time, at present there are 
much greater amounts of the allochthonous 
clays and loams than of the autochthonous 
soil types. Subaqueous weathering under 
the influence of peaty water brings about 
a bleaching to sometimes a most extremely 
pure kaolin. It Is then no longer possible 
to detect whether the material originated 
from granite, from clay schists or from 
both of them. In getting at the ore during 
tin mining, repeatedly enormous masses of 
snow white materials are exposed and washed 


218 . J. C. Mollema, Ue ontwlkk. v/h ©11. Billiton, enz. ( ’ s-CSravenhage , 1922), p. 4. 

219 . Cf: Verbeek, 1. c ., p. 35-56 and 6 O- 6 I. This la apparently the sane type of profile as has been 
classified by the U. S. Bureau of Soils as a ground water podzol. In Pattanl Province, southern 
Thailand (Slam) I have also found some oxamplea of the same sort of profile. — R. L. P. 

220. It Is not entirely lii 5 ) 08 alblo that also a little dissolved lime In the brackish ground water In the 
subsoil also contributes to the precipitation of organic matter with the Iron compounds In this 
horizon. 
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away. (Note the profiles exposed in Fig. 
1:;8, page 409.) 

In the clay are found weak Iron 
concretions, and also agglomerates of them, 
l.e., layers of brown Iron ore. The latter 
however occur especially where from the be- 
ginning there was more Iron, as for example 
In the neighborhood of the diabase occur- 
rences In northwestern Bangka and northern 
Billiton. 


Evaluation and Utilization 
of the Soil 

If the reader has acquainted him- 
self with the foregoing paragraphs, this 
question may have arisen: Can It be that 
there Is still anything left of the soil of 
Bangka and Billiton to be evaluated and 
utilized? 

It Is of course undeniable that If 
these Islands had not become of such great 
economic significance because of their 
wealth In tin they would not have attracted 
a bit more attention than similar regions 
of Borneo, Ceram, and New Guinea. 

op 1 

Both on Billiton and on 
Bangka^^^ repeated attempts to lay out 
paddles for cultivating lowland rice, 
have been pitiful failures. As Zondervan 
said 40 years ago, "thus the agriculture 
Is mainly still limited to the raising of 
upland rice In kalfTglns." There are clear- 
ings which are planted during only one 
season and Immediately thereafter again 
abandoned, and the land continues to lie 

2 23 

Idle for at least the 10 years following. 
Field experiments carried out by the Agricul- 
tural Extension Service (l930) showed that 
moderate yields from kalnglns average from 
3 quintals per ha. to as low as 1.3 qu./ha. 
“-while 3.h to 4.8 qu./ha. Is considered 
a very good cropl Verily a striking testi- 
mony as to the poverty of the soil (see 
Pig. l60, page 412). 

It Is, therefore, the more remark- 
9«ble that on Bangka the cultivation of pep - 
per ( Plper nigrum ) has gradually come to 
be Important. But It must Immediately be 
added that the cultivation of this crop is 


not to be ascribed to good soli, but rather 
to the fact that the pepper farmers or more 
exactly gardeners are Chinese, who are 
known to greatly excel all native peoples 
In this kind of work. This type of planta- 
tion crop (see Fig. l6l, page 412) must 
also be Included among the cultures of the 
Netherlands Indies which require the most 
capital. On Bangka, except In the Mun- 
tok subdivision-- "the good pepner soli Is 
the predominating tyi^e, consisting of a 
bright yellow subsoil, on whicri Is ordi- 
narily a 10-30 cm. thick layer of surface 
soil which is darker and brownish. At a 
depth of from about 60 cm. to 120 cm. 
there Is found a layer of red to reddish 
yellow little stones (iron concretions). 

The ground ought not to be too sandy, and 
at least at a depth of 40 cm. must have 
enough clay or silt so that the soil has 
a little plasticity. If the gravelly layer 
Is lacking, then the soil Is indeed still 
useful, but Is valued at a lower figure. 
Above everything else the terrain must be 
always slightly sloping, so that 
standing water can never accumulate on it. 

From this description by Rutgers 
It Is quite clear that he Is here referring 
to the older allochthonous sandy clay de- 
posits, which have again been weathered, 
this time autochthonously and subaerlally 
after their being exposed above water. It 
Is presumed that this requirement of a 
layer of Iron concretions at a definite 
depth Is connected with an adequate water 
supply for the pepper roots of fresh 
aerated water from above. 

Where the surface soil Is thicker, 
darker, peaty, and this is the case on 
lower land, the ground water Is not much 
below the surface. If pepper be planted 
on such soil the gardener Is out of luck, 
for although In the beginning the vines 
grow luxuriantly. In about the third year 
they die off, before they have yielded any 
fruit. All the roots which extend deeper 
appear to be rotted off. Presumably the 
pH Is too low. 

The red, residual soil on granite 
(Muntok) Is not suited to pepper culture. 

It would seem that the reason for this Is 


221. Mollema, 1. c., p. 3; also: de Memories v. Overg. der Best. Ambt. upon their transfer. 

228. H. Zondervan, Bangka en zljn hevoners., Ind. Gids l895 ©n 1894, p. 165-166 of the separate. 

223. Cf. Mem. V. Overg. Res. Hamerster (1931); P* 

224. A. Luytjee, De pepercult. op Bangka, Landbouw ^ (1930-'31); P* 862. 

225. A. A. L. Rutgers, Meded. Labor. Plantenz. Buitenzorg No. ^ (I9l6), p. 10. 
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Photo from Billiton— Ml J. 


Fig. 160. Billiton. Unproductive kalngln of the Derate. Pepper 
garden in the distance. 



Photo hy W. L. Utannark 


Fig, l6l. Bangka. Vary Intanslvaly oultlvatad Chlnaaa pappar 
gardan on weakly rolling, allochthonous terrain. Balthar on the 
forastad granitic mountains nor in the t6o moist lowland soil is 
pepper planted. (See pp. 406, 4ll, and 413.) 
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not that the soil Is too acid because of 
organic substances, but that, it has been 
leached to an extreme degree so that it 
has too much strongly acid clay. Only very 
small amounts of plant nutrient materials 
are left in such a soil and those which it 
still contains are held very strongly by 
the clay; more than that, if plant nutri- 
ents are added to this soil as a fertili- 
zer, these nutrients are also so firmly 
fixed that there are none available for 
the pepper. Moreover, this soil is too 
impervious to allow either the pepper roots 
to spread out adequately or to permit the 
movement of the soil moisture to the roots 
to make up for that which has been taken up. 

On the other hand, the previously 
mentioned sandy clay soil can certainly be 
fertilized with success, for a large pro- 
portion of this soil consists of inert 
quartz sand. And in the cultivation of 
pepper heavy fertilizer applications are 
employed. In the excellent monograph by 
Rutgers referred to above we find various 
particulars, which at first sight seem 
strange, yet become understandable when 
the purpose is appreciated, which is to add 
plant nutrients, with particular care to 
avoid acids or the formation of acid. Some 
of the measures even give the Impression 
that they are especially useful because of 
their action in eliminating an acid reac- 
tion which the soil may already have. 

"The Chinese are thoroughly con- 
vinced that pepper cultivation without 
fertilization on Bangka is impossible," 
writes Rutgers, "The most important 
fertilizer is 'tanah bakar, ' burned 
earth. Since it is obvious that with the 
burning no new food comes into this burned 
earth, the only useful effect must be that 
^n Injurious factor disappears. This can 
be little else than--water, that is, the 
water which is fixed in the hydrogen clay, 
^nd which is the cause of the low pH. 

Since however the tanah bakar is prepared 
in a sort of heap in which there is much 
wood, above- all else it becomes mixed with 
Q-lkaline reacting wood ash. Hence, when 
9>dded to the pepper soil, the tanah bakar 
undoubtedly makes the soil less acid. 


Next to tanah bakar "the most im- 
portant fertilizer is peanut cake. The 
gardeners also use sbrimn sera], and fish 
scrap, as well as farm .;ard manure from 
both hogs and cattle." It is also very 
probable that both nitrogen and phosphorus 
are deficient in the soil. And it is 
worthy of note, according to Rutgers, that 
these fertilizers are not carried into the 
gardens fresh, but are first kept for a 
time mixed with water in cement vats es- 
pecially constructed I'or this purpose. In 
some respects these tanks remind one of 
swimming pools. When ready the liquid is 
dipped out of the basins with little buckets 
and carried into the gardens where the vines 
are watered with it. Of course such a 
liquid must have an alkaline reaction because 
of its content of ammonia and amines. In 
this way no acid is added to the soil. On 
the contrary, the amount of any acid which 
is present in the soil is reduced. 

These 3i>eculatlons are not based on 
any adequate number of pH determinations, 
but they give such a simple explanation of 
the facts that it certainly would iiay for 
the trouble to test them experimentally. 

If this theory aipears to be correct, then 
perhaps suggestions can be made as to how 
the same purpose may be achieved more 
cheaply, for example, through the use of 
coral lime, of basic slag, or of some po- 
tassium fertilizer, etc. In 3 hort--a 
closer study of this notable case of fer- 
tilizing opens apparently new perspectives 
in a somewhat different direction than the 
experiments of recent years with double 
superphosphate, nitroi'hoska, ammoni’UJTi sul- 
fate and potassium sulfat.e, for except nl- 
trophoska those are all acid fertilizers. 

After the above -had already been 
written, there came to my attention a paper 
just published by Harden and Will to, vHiich 
is a remarkable corroboration of the sug- 
gested explanations. Working on a series 
of samples of unburned soil, burned soli 
and burned soil mixed with ash, from a 
series of analyses they definitely proved 
that "as a result of the burning, of the 
very poor lateritlc sandy soil, wliich has 
a very far from saturated absorntlon complex, 


226. Experlmonte of the Agricultural Extension Service (recorded in tlie Annual Report for 19^9. n. 290) 
show that a certain number of vines fertilized produced 116 cattles pepper, while an equal mmibor of 

fertilized vines yielded but 10 cattles 1 

227* H. J. Harden ard J. Th. White, Gebrando aardo (tanah bakar), Landbouw X, £, (1934), 49-7'- 
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and reacts quite strongly acid, with a high 
degree of hydrolytic acidity and distinct 
exchange acidity, the base saturation mark- 
edly increased, the pH rose, and the hy- 
drolytic and exchange acidity were sig- 
nificantly reduced.” The plasticity war 
also reduced and "under normal circum- 
stances an ultimately increasing stickiness 
disappeared. ” 

There are a number of significant 
points in this excellent paper and they 
cannot all be repeated here, but since they 
apply not only to the soils of Bangka and 
Billiton but also to similar poor soils of 
Borneo and even of Java, they show that 
this piece of research has definitely 
solved the question. -- 

According to Hooyer^^® "in conse- 
quence of the poverty of the s oil the cul- 
tivation of food crops by the native gives 
him only a very meagre return. In general 
the rice harvest is enough for but 4 to 
months of the year.” Rice must be Imported 
from elsewhere and paid for by means of 
other agricultural products. Pepper al- 
ready mentioned is the first and foremost 
of these. The inhabitants however also 
planted rubber and had a few years with 
good harvests, but by 19^52 the culture of 
the trees was neglected and abandoned be- 
cause of the low prices. The same thing 
happened with gambler. An experimental 
factory for sereh oil now stands idle; the 
cultivation of sereh has declined. It 
is recorded that "in the environs of Tempi- 
lang, where the soil is still more infer- 
tile than the rest of Bangka,” even kalngin 
cultivation has been given up.^^° In view 
of the previously recorded figures of 
yields this is comprehensible. About the 
widely distributed cultivation of cocos 
which are often a mainstay, Steln^^^ wrote 
that "the cocos grow well, but bear prac- 
tically no nuts.” (Cf. pages 305-506.) 

Taking all the above together, we 
arrive at a depressing conclusion, that 
all of Bangka and Billiton depend entirely 
upon tin mining. Whenever that is finished 
so that the Inhabitants can no longer ob- 
tain their entire support from it, or at 


least a supplementary Income, then these 
islands will no longer be able to maintain 
the present number of Inhabitants. It is 
already the case that it requires 2.5 ha. 
per year of kalnglns to support one person. 
That is, with a rotation time of at least 
10 years, but preferably 15, an area of 
from 25 to 40 ha. per person would be nec- 
essary /or "a very modest supply of food, 
for a period of 4 to 5 months." That makes 
one pause and think of the future, and how 
it will be necessary then, as already now 
is the case in the lean years, that the 
Chinese in large numbers ought to leave 
voluntarily or be sent away from the tin 
islands. The need of food by the inhabi- 
tants would compel an exodus to more favored 
regions, as a result of which the popula- 
tions of 17*4 per square km. (Bangka) and 
15.1 (Billiton) would fall to 2 or 1 Inhabl- 
tants per square km. as at present is the 
case in large portions of Borneo and New 
Guinea. 

As we conclude this discussion of 
Billiton and Bangka, mention might merely 
be made of the richness of these Islands 
in earths for industrial purposes, in par- 
ticular for ceramics. Throughout the re- 
search in connection with prospecting 
for tin it has been demonstrated that both 
Islands "possess inexhaustible quantities 
of excellent kaolin. "Beautiful, white 
quartz sand occurs on Billiton in large 
quantities"; and there are similar quanti- 
ties on Bangka. Pegmatite, unfortunately 
is found only in a few, small, economically 
unimportant lenses. This feldspar in ade- 
quately pure condition is not available in 
quantity. Bauxite is found in sporadic 
knolls; larger quantities occur on the 
islands on the Rlouw 'Archipelago. 

Up to the present time neither the 
kaolin nor the quartz sand, nor the fire 
clay have been worked in commercial quan- 
tities. It is however difficult to believe 
that sometimes in the future this will not 
be undertaken. 

In conclusion, It is as if nature 
developed a peculiar "either. .. .or. ” In 
those places where the soil is particularly 


228. D. G. Hooyer, Verv. Mem. Overg. Bangka on Ond. (Mel '31), p, 9. 

229. Stein, Mem. v. Ovorg. Afd. Muntok (April, ’19). 

230. J. Wentholt, Mem. v. Overg. onderafd. Muntok (Nov.^ *28). 

231. Stein, Mom. v. Overg. Afd. Muntok (April, '19). 

232. H. W. de Vrlendt, Vuurvaste klel op Billiton (Do Ingenleur, 1920), no. 2^ pp. 506-507. 
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fitted for agriculture, as a rule there Is depths (petroleum, coal, salt and sulfur) 
not much doing in the field of mining (Java, somewhat blur that picture, yet even today 
Dell, the lake region of the Celebes, Mina- a region or district is either mainly agrl- 
hasa) but where mining comes Into the fore- cultural or Is mainly a mining and Indus - 
ground there Is, as a rule, not much agrl- trial region, and only very exceptionally 
cultural value (Bangka and Billiton, the Is it good In both respects. This Is also, 
Indian coal and gold districts, the Verbeek by nature, the case with the different 
Mts. and the Iron ore regions of southeast- islands of the Netherlands Indies Archl- 
ern Borneo, Martapoera, etc.). This ap- pelago, and different parts of them, as 
plies not only to the Indies, but actually pointed out, where each supplements and 
for the entire world. VThlle although the assists the other with raw materials and 
newer technics which make It possible to helps to form an organic whole! 
obtain valuable mineral products from great 



SUMATRA 


In some respects Sumatra Is very 
similar to Borneo and New Guinea. From thisj 
standpoint it would certainly be desirable 
to consider the soils of Sumatra as a whole. 

In certain other respects, however, 
Sumatra is distinctly different, particu- 
larly as a result of the volcanic activity. 
In some localities there are very great 
differences in the soils, which make parts 
of Sumatra much more like Celebes and Java. 
Hence it is preferable to deal with Suma- 
tra, region by region, for each really 
needs separate consideration. 

The contrasts which are here indi- 
cated may make clear why there are in the 
beginning general chapters dealing with the 
soil-forming rocks and the climate. In 
separate chapters there follows a more spe- 
cialized and detailed treatment of each of 
the different parts of Sumatra. This is 
especially necessary to bring out the spe- 
cial features of the soil£--thelr origin, 
their characteristics and above all their 
utilization. It is true that considering 
the subject in this way does not entirely 
exclude repetitions, but they will be 
limited in length and few in number. 

The Soil -Forming Rocks of Sumatra 


In the course of the geological 
history of Sumatra, time and time again 
igneous rocks have appeared at the surface. 
From the moment that they appeared they 
were attacked by weathering and erosion 
and themselves became the materials which 
were deposited as sediments, which later 
became hardened and finally altered into 

sedimentary rocks. 

Where, however, these magmas reached 

the surface of the earth, not as viscous 
flowing lava nor as already solidified, 
massive (plutonlc) rocks, but as broken up 
blocks, bombs, gravel, a8h--ln short as 
fragmental ejecta thrown into the air and 
by this route came to the earth, then, even 
before they were weathered by wind and flow- 
ing water, they were being carried away and 
were promptly deposited as sediments. 


Beginning from that instant they joined in 
the processes forming the sedimentary rocks. 
On Sumatra that has been the case on a vor’y 
large scale, a process which is still tak- 
ing place today. 

In general, however, we can cer- 
tainly say that the older the sedimentary 
rocks are, the more they have been changed 
by all that they have been through since 
their formation, so that in many cases it 
is today difficult to say what the sediment, 
originally was from which the materials had 
originated, and still more difficult to say 
what the parent rocks were from which that 
sediment came. With all this we are getting 
into more properly petrological and geologi- 
cal problems than into problems within the 
scope of this book. In this study we are 
more concerned with what these rocks now 
are, of what minerals they n£W consist and, 
consequently, how they will behave when 
subjected to weathering, erosion, and soil 
formation. 

But in the younger and youngest 
sedimentary rocks frequently one can still 
distinctly recognize the yet pretty well 
unaltered mineral and rock components of 
which the original sediment was composed. 
This greatly facilitates deduction by 
analogy as to how the weathering must go 
and which weathering products must origi- 
nate from it. In these respects Sumatra 
is rich in striking examples. 


* » # * » 


If It were not first necessary to 
devote a few words to the development of ^ 
the knowledge concerning the soil-forming 
rocks of Sumatra, at least In so far as 
this has been stated In words and deline- 
ated on maps, and especially the various 
stages through which the development of 
this knowledge has passed, we should at 
once proceed to a general discussion of 
the soil-forming rooks of this Island. 

For such a gre'at region It Is oo- 
vlous that a beginning In the study of 


1>16 
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geology vas made with local observations 
at different points, from which the geolo- 
gists exterpolated and generalized. At 
the beginning of this century there was 
still prevalent this Idea which Is general 
rather than particularly geological: "Java 
is now well developed; that Is, it is get- 
ting on well. Now it Is Sumatra's turn, 
for this island Is exactly the same sort of 
land, with volcanoes and all such; It Is 
only waiting to be unlocked and worked." 
Later it was clearly recognized that while 
this idea was not entirely wrong, It was 
still only partly correct. 

The occurrence of Important miner- 
als such as coal, petroleum and gold, was 
the reason why Sumatra, in the course of 
a number of detailed Investigations, was 
studied geologically more fundamentally 
than even Java had been.^ About twenty 
years ago the Exploring Service of the De- 
partment of Mines began to unify the scat- ^ 
tered data and to Issue the material in one 
series of publications: the Geological 
Reconnaissance Maps 1:1,000,000 for the 
Entire Archipelago, with accompanying 
letter press text ; Sumatra was spread 
over b of the 21 sheets. The sheets of 
this series were not Issued all at once, 
but are appearing from time to time, 8 
sheets have still not yet been published, 
though all flve^ relating to Sumatra have 
appeared. 

It was all too quickly apparent 
that these maps were not adequate. On the 
one hand, because of the small scale of 
1:1,000,000 (on this scale the Netherlands 
vould not be as large as a single page of 
this book) which compelled the omission of 
all the important details. On the other 
hand because in the compiling of the maps 
so many uncertainties, gaps, and even In- 
accuracies cropped up that It was necessary 
to start on a new project from the ground 
op. 

Hence In 192? In the extreme south- 
eastern corner, in the Larapongs there was 
t)ogun the new "Mapping of Sumatra." The 


first sheets, on a scale of 1:200,000 were 
published In 1931, at the time of writing 
(1936) ten sheets had been Issued. Upon 
comparing this new series of maps with the 
former series, one Is immediately struck by 
the much more detailed differentiation of 
the rocks, which, for our purpose Is of 
great significance, and for which we are 
very glad. 

In connection with the only slowly 
growing knowledge of the rocks of Sumatra, 

It stands to reason that In the beginning 
the eruptlves were only broadly differen- 
tiated, at any rate on the maps they were 
many times grouped under one color, and 
under one name. Thus In the legend of his 
Reconnaissance Map (Sheet 15) Van Es (I916) 
uses only the one word "volcanic," while 
Zwlerzyckl on sheet 7 (1919), addition 
to older andesite and basalt, mentions 
only "andesitic offusives." On Sheet 1 
(also issued in 1919) there were besides 
"older andesite, basalt and melaphyre," 
also the "liparltic effuslves" of the re- 
gion around the Toba Lake indicated, and 
In addition "andesitic effuslves" were dif- 
ferentiated. But on Sheet 8 (1929) ”ande- 
slte and basalt," and "dacite and rhyolite" 
were separated, yet all the other3--bastc 
or acidic, coarse or fine, quite fresh or 
quite a bit older were grouped together 
under "volcanic tuffs." As to this Zwler- 
zyeki himself says:^^ "The most important 
rocks are of andesitic origin, they are 
layers of lava, breccias, sandy tuff de- 
posits and tuff clays." (It seems to me 
tuff loams would be a more suitable word 
for this last group. --E. C. J. M.) 

"Locally basaltic, dacitic, and liparltic 
tuffs also occur, but iji the literature 
which has been consulted the statements 
are so indefinite and of such local char- 
acter that the distribution of the differ- 
ent types on a map cannot be given even 
provisionally." This statement makes it 
abundantly clear why even on the 1:1,000,000 
map of 1929 only a single orange-red color 
Includes all the above grouped-together 


h Compare: L. Rutten, Voodr. geol. N. 0. I. (1927), ?• 

2- Sheet I. Jb. Mljnw. N. 0. I. (1919), Verh. I, J. Zwlerzyckl: Noord-Sumatra. 

Sheet 11. Jb, Mljnw. N. 0. I. (1925), Vorh. II, J. B. Scrlvenor, A. Chr. Bothe: Bcn^, kalis, Malacca, 
Rlouw-Archlpel. 

Sheet VII. Jb. MlJnv. N. 0. I. (1919), Verh. I, J. Zwlerzyckl: Pad. Bovonlajiden. 

Sheet VIII. Jb. Mljnw. N. 0. I. (1929), Verh. I, J. Zwlerzyckl; DJambl, Palenbarv?, N.-Lampongs. 
Sheet XV. Jb. Mljnw. N. 0. I. (1916), Verh. II, L. J C. van Es; Z . -Lartpongs . 

P‘ 109. 
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volcanic products. But at the same time 
the Geological Service, being mindful of 
the many things found to be lacking in 
these "Reconnaissance Geological Maps of 
Sumatra," under the direction of Zwlerzyckl 
commenced with great diligence the new map- 
ping of Sumatra. 

We should not have tarried so long 
over this little bit of history if there 
had not been connected with it a reversal 
of certain general conceptions, at least 
in my own mind. As has already been said 
Zwierzycki wrote in 1929: "the most impor- 
tant rocks are of andesitic origin." But 
now, however, in so far as maps of the new 
series covering South Sumatra are at hand, 

I cannot free myself from the impression 
that at least in South Sumatra^ acid« pale 
eruptives occupy an area at least as large 
as do the andesites , especially if we in- 
clude with these the so-called Upper Palem- 
bang strata which also, for a large part, 
consist of such acid and pale tuff material 
If one thinks further of Djambi and the 
"Sub-Barisan Plateau" belonging with this, 
then the chance is very good that once the 
new mapping has been carried through to 
this region, it will establish that there 
also the eruptives are on the acid rather 
than on the basic side. If tfiis be the 
case dacites, llparites, and rhyolites 
besides their superficially distributed 
tuffs, will win over the andesites and ba- 
salts and their tuffs. 

A phenomenon such as black pumice 
stone, so common in East Java (Lamongan, 
Raoen) , Ball (Batoer), the Minahasa (So- 
poetan) etc., only seldom occurs on Suma- 
tra. As a rule the Sumatran pumice stone 
tuffs are very pale and always possess more) 
or less free quartz as crystals. 

In the Padang Highlands only with 
difficulty can we call basic the pale tuff 
rich in pumice stone of the plateau of 
Agam and the Karbouwen ghat (see Pig. l8) . 
The tuffs of the Batak Lands are almost 
exclusively pale and llparltic. According 
to the verbal communication of Dr. Drulf, 
on Sumatra's East Coast the liparitlc tuff 
covering extends out much farther toward 
the south-east than is shown on Reconnais- 
sance Map No. 1. While from the investiga- 
tion of this region it also appears that 
"the Dell mountains" furnish almost no 


andesite, but rather principally dacites. 
Also along the Gajoe road we again find 
pale tuff and rocks rich in glass, indica- 
tive of their poverty in iron. In short, 
it remains to be proved whether for Sumatra 
as a whole, andesitic rocks (or basic rockL’,) 
really are the more important, at least ay 
to the area exposed at the surface. 

Even a glance at the orographic map 
of Sumatra shows immediately how along tha 
whole length of the Island, from northwest 
to southeast, there runs not one slr.gle 
mountain chain, but rather a single rela- 
tively narrow strip of mountainous land, 
with low land on both sides. On the west 
side this low land is mostly narrow or 
even almost lacking and repeatedly inter- 
rupted, while on the east side the lowland 
is broad to very broad. It was determined 
roughly that of the entire area of Sumatra 
including Bengkalis, but excluding the 
Islands of the Riouw Archipelago, the land 
more than 100 m. above the sea amounts to 
approximately 40%, and thus the low land, 
between 0-100 m. is about 60% of the total 
area."^ This lowland is for a very large part 
"alluvium." That is it has been carried out 
as sedimentary deposits, which in part arc 
still being formed. But another part con- 
sists of the river deposits of an earlier 
time, now already again autochthonously 
weathered and altered. It is true however 
that in a number of places in the so-called 
mountainous land above the 100 m. lino there 
are valleys partially filled with alluvluin. 

Therefore we should not take the 
above-mentioned differentiation into moun- 
tainous land and lowland as giving more than 
very roughly the area on the one hand of the 
higher land of the soil-forming rocks which 
is being "carried away," and on the other 
hand the area of the low land, which is re- 
ceiving the deposits of sediment and is be- 
coming more or less built up and (especially 
along the coast) gradually growing outward. 
Subsequently we shall see where these gen- 
eral considerations do not apply quantita- 
tively. Meanwhile, without making any 
serious mistakes, we may look to the Barl- 
san Mountain Ranges (taking this name in 
the general sense) as the source of all the 
Sumatran mineral soil material. 


4. This was don© by drawing the map on a uniform sheet of paper, cutting out and weighing all of Suuvitin, 
and then that portion of Sumatra within the 100 m. contour line. 
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In the Barlsan mountains there are 
protertlary, Tertiary, and Quaternary, in- 
cluding Recent, rocks. Igneous rocks occur 
in all three groups. 

To here subdivide in detail the 
pretertiary formations would be of little 
significance; for ' ur purposes the; follow- 
ing will suffice: Crystalline schists, of 
vhicb the reader has already learned of 
great ^^rpanses on Borneo, Celebes, the Mo- 
luccas and New Guinea, play practically no 
rolo on Sumatra. Except a couple of spots 
in Benkoelon, out alon;^ a line' northwest 
from the Ranau lake, tuus far ther<- are 
known only two respectable occurrences of 
yucli schists. These are in the Lainpongs, 
the first along thf; railway and to the 
north of the Wai Sokarnporig, west from the 
line, and the sec nd a mucii smaller body 
■;ast from Tel ok Belong bay. 

An extensive complex of sedimentary 
rocks, considered to belonpt to the Perrno- 
curbonate, and which is found I’rorn extreme 
northwestern Atjeh to as I’ar south as 
Djambi, consists of slates, gray and black, 
shining and dull, here and the- re: with 
quartz lenses. Sllicious slates, quartzi- 
tic sandstones, graywackes, and masses of 
conglomerates also occur. Two influences 
have brought about facies modifications: 

1. Lime Inclusions in t.ie form oi 
compact limestones in thin layerr?, and also 
in massive formations, presumably derived 
Trom coral and Bryozoan reefs. The lime- 
stone is sometimes dolomltic, and sometimes 
(whore it lies close to granite and diorlte) 
it has been altered by contact metamorpho- 
sis into crystalline limestone (marble). 

2. Volcanic interludes, which are 
responsible for layers or covers of ande- 
site and porphyrite, and also melphyre and 
diabase between the first-mentioned layers, 
as well as the accompanying tuff sand- 
stones, conglomerates, and breccias. As a 
result of contact metamorphosis with nearby 
younger granites and dlorite, all sorts of 
other rocks such as hornfels, phyllite, 
talc, and chlorite slates and serpentine 
schists have originated. 

It is apparent that the whole is a 
very varied complex of rocks, of which, 
however, as a whole, neither chemical nor 
quantitative mlneraloglcal analyses have 
yet been published. 


Above this complex of Permocarbon- 
ate rocks are similar Mesozoic deposits, 
which have been indicated on the. geological 
map under Trias, Jura, and Krijt. Those 
formations consist of shales or mudstones, 
quite fine-grained quartz sandstones, marls 
and marl shales, thin bedded limestones, 
etc. These rocks are found less often in 
Northern Sumatra, more generally in Central 
Sumatra (especially in Djambi and Upper 
Palombang) , and almost never in Southern 
Sumatra . 

Among the igneous rocks of the Pre- 
tertiary we should first mention the gran- 
ites, which are found very widely distri- 
buted over pretty much all of Sumatra. 

"They are relatively acid transitional 
rocks between granite and dlorltes, charac- 
terized especially by blotite and horn- 
t)lende.^ The granites are in part classi- 
fied as older than the Permocarbonate, an- 
otiier part however as younger. But that 
makes little difference in the composition. 
--Pretertiary andesite, diabase, etc., have 
already been mentioned above. 

The Tertiary rocks form the second 
large group; these are divided into the 
Paloogenic and the Noogenic. 

The Paleogenic rocks consist of 
layers of breccia and conglomerate In which 
occur large blocks of the solid rocks at 
that time present in the mountains already 
mentioned above. Upon them are many quartz 
sandstones, brown, yellow or gray; and then 
black or gray clay shales. Occasionally 
coal occurs locally, elsewhere limestone. 

The principal constituent of all these 
rocks is quartz. The Paleogenic ^ocks 
occur over a great area in Northern Sumatra, 
and also in Central Sumatra, but very much 
less to the south of the Batangharl. It is 
by no means improbable that more to the 
south there are also Paleogenic rocks, 
where they have been deeply covered first 
by thick layers of Neogenlc deposits, and 
these in turn have been covered by younger 
volcanic deposits. 

The Neogene sediments are also 
found somewhat farther away from the cen- 
tral mountain range than the Eogene; but 
also in strips parallel to that formation, 
though it is also with interruptions. 

Stated in a better way: here and there they 
are hidden by a covering of younger volcanic 


J- Zwlerzycki, Toel. blad VIII, «rb* Mljnw. (19^9)/ P* lU^* 
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eruptlves. In Djambl these Neogene sedi- 
ments are the broadest and there alone 
occupy an area greater than that of the 
entire Netherlands. They are not every- 
where of the same composition, but still 
almost everywhere in Northern Sumatra they 
include clay marls with a large proportion 
of Globlgerlnas and marly limestones. In 
the lowest layers less true sandstones 
occur but they are more frequent in the 
higher ones. In Neogene time the volcanoes 
gradually became more and more active, and 
just at the end of that period their ac- 
tivity was at the maximum, so that in the 
layers being deposited near volcanoes, the 
higher the layers the richer they are in 
tuff. Hence, in Palembang and also even in 
Djambl the following differentiations may 
be made: (1) Lower Palembang strata, around 
1,500 ra, thick, consisting principally of 
shales, in which are localized masses of 
sandstones, and also even ^:hln limestone 
layers. (2) Middle Palembang layers, about 
600 m. thick, in which is quite a good deal 
of eruptive material of a relatively acid 
nature, with quartz crystals; above this 
many layers of lignite. (5) Upper Palem- 
bang layers, certainly more than 6OO m. 
thick, consisting principally of acid 
volcanic tuffs. 

From this and from a number of more 
detailed descriptions it appears: (1) All 
the Neogene was deposited during a rising 
of the land, thus with a gradually decreas- 
ing depth of the sea and finally by land 
deposits. (2) Southern Sumatra was ex- 
posed above the water earlier than Northern 
Sumatra, the consequence of which was that 
the Neogene deposits in Southern Sumatra, 
earlier and to a greater degree, took on 
the character of land sediments; and (5) in 
the south the volcanic activity was strong- 
er and more general than in the north where 
it continued to be more localized, although 
in a very wide region about the Toba lake 
one must admit that volcanic activity of 
the greatest Intensity occurred. For this 
reason in Northern Sumatra more Preneogene 
formations remain exposed. 

As to the nature of these Important 
volcanic eruptions: At the beginning of the 
Neogene the intermediate to acid rocks, 
andesite, daclte, and llparlte flowed out, 
or, as fragmental ejecta, were blown into 
the air. Later the eruptions were prin- 
cipally llparltic and then in the beginning 


of the Quaternary when the general activity 
began to lessen, the volcanoes again erupted 
more and more dacltes and andesites. Even 
basalt was erupted at a few points. 

In the first part of this book the 
results of a number of analyses of Sumatran 
rocks have been given. Since that portion 
of the book was written new analyses have 
appeared in the explanatory statements 
accompanying the South Sumatran sheets of 
the Geological Survey. For that reason, 
when we consider the mountainous regions 
of South Sumatra a table of these new data 
will be Included and will be discussed in 
some detail. 


The Climate of Sumatra 

The equator crosses the middle of 
Sumatra, just as it does Borneo. Hence 
one should be Inclined to expect, for this 
island just as uniform an equatorial cli- 
mate. And for Central Sumatra that is the 
case, but not for Northern nor Southern 
Sumatra. Sumatra lies between 6^ North 
Latitude and 6^ South, and in such a way 
that the northwestern point extends toward 
Asia, while the southeastern tip is close 
to Java, and consequently likewise comes 
within the Influence of Australia. This 
means that during the winter of the northern 
hemisphere (December to March), dry winds 
from Asia extend their Influence, though it 
may be weak, down into Northern Sumatra, 
while during the Southern Hemisphere's win- 
ter (June to September), the Influence of 
the dry east monsoon reaches southern Su- 
matra. 

The high Barlsan mountain chain 
confines these Influences to that portion 
of Sumatra east of these mountains. Thus, • 
though the rainfall may vary more or less 
along the entire western coast, droughts 
are really not known there. In the west 
monsoon the rain is heavy; in other times 
somewhat less heavy rains occur. But 
along the entire west coast there is not a 
single rainfall station with a considerable 
number of years of observations where any 
of the monthly averages of the year are 
less than 100 mm., and the most lie above 
150 mm. and even above 200 ram. (see Table 
89, page 421) . 

Upon studying these figures more 
closely the two influences which have 
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DISTRIBUnOH OF THE RAINFALL DURING THE YEAR ON SUMAIRA^ 


I. Along the Western Coast, close to the sea 


Elevation 

above 

th. ... 

In m. 

Hmnber of 
years of 
observa- 
tions 

Rainy 

days 

per 

year 

Jan. 

i ■ ■ 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept, 

Oct. 

Nov. 

Dec. 

Rainfall 

In SUB. 

per year 

mnttld 

(vet) 

months 

Arid 

(dry) 

menths 

Lho'nga at sea level 

31 

138 

166 


El 


263 

IS 

206 

230 

313 

293 

234 


2525 

12 

0 



23 

176 

236 




383 

294 

324 

316 

aoe 

464 

367 

wfym 

3709 

12 

0 

jteulaboh. ... " 

35 

170 

261 


HH 

389 

286 

220 

278 

268 

360 

443 

371 

346 

5765 

12 

0 

Tapatoean. . . " 

28 

170 

296 

236 

330 

343 

269 

192 

199 

216 

280 

366 

367 

313 

3377 

12 

0 

Slrtglcol " 

1*0 


299 

281 

363 

466 

368 


280 

376 

406 

667 

614 

387 

1*576 

12 

0 

Baros " 

15 

137 

331 

246 

366 

394 

231 



mm 




331 

3607 

12 

0 

Sltolga 

51 

208 

37H 

330 

434 

460 

344 

laa 


330 




419 

1*606 

12 

0 

Fatal " 

16 

11*6 


187 

313 

318 

241 



*23 

304 

462 

446 

396 

3692 

12 

0 

Aerbangla... " 

‘♦T 

154 

231 

ZOH 

263 

313 

igl 



mm 

2*6 

363 

346 

ITtI 

3068 

12 

0 

Prlanan 

2l* 

157 

3lii 

202 

aw 

326 

fSi 

IQ 



306 

466 

488 

410 

3707 

12 

0 

Padang " 

52 

191 

349 

259 

307 

363 

319 

IQ 

IS 


410 

606 

616 

406 

l*l*l*8 

12 

0 

Balnan " 

31 

143 

339 



270 

221 





378 

401 

387 

51*01 

12 

0 

Bal&laelasah 20 

15 

129 

3t0 



276 

190 





320 

381 

286 

5121* 

12 

0 

Hoekcasoeko. . at aea level 

28 

140 

EM 


264 

268 

193 






*1* 

973 

321*8 

12 

0 

Lais ” 

19 

143 

300 

no 

276 

279 

*18 



Bu 

Dl 



311 

3213 

12 

0 

Benkoelen. . . * 

52 

166 

297 

m 

m 

m 





wm 



360 

5279 

12 

0 

Nanna. ...... " 

15 

169 

270 

269 

Ell 

219 

217 

19 


mm 

610 



389 

3933 

12 

0 

Blntoahan. . . ** 

16 

137 

301 

266 

2t6 

196 

189 

139 

193 

233 




324 

3273 



free " 

28 

145 

310 

267 

284 

269 

243 

181 

173 

196 




341 

3296 

12 

0 

Kbto Agoeng. " 

18 

155 

200 

214 

172 

174 

176 

133 

196 

310 

311 




2866 

12 

0 

Poetlhdoh... 10 

18 

140 

236 

209 

132 

184 

183 

136 

141 

212 

269 

[an 

iCa 


2817 

12 

0 


1. Agiln ai 'uml, the figures ars fron Ifodod. ^ of the Urn, Nagn. Msteor. Obs. to 1928, to which tbs data of 19^9 nA 1930 
hsTS hssn aiisA. The seas is true for all the follovlng tables. 


already been mentioned can be seen. Even 
more evidence of them may be detected In 
Tables 95 and 9^, pages 424 and 42‘; for 
Sumatra. (Note particularly Lho'nga in the 
north and Semangka bay in the south.) 
Moreover the annual figures lie between 
5,000 and 4,500 ram. and most of the monthly 
averages (around 72$^) lie between 200 and 
400 mm. 

Up against the Barisan chain there 
i3 the same rainfall type, though as a 
rule more strongly developed because of 
the deflection upward of the winds. In 
that region there are fewer larger towns, 
is obvious, since there will be leaching 
of the cultivable soil, heavier erosion, 
hence, worse agricultural conditions, and 
thus also fewer rainfall stations. Typical 
of these conditions are the data in Table 
89, above. 

With a total rainfall of between 
about 5,500 and 6,000 ram. there is almost 
J^o monthly average of less than 150 nim. 
and more than half the monthly totals fall 
between 500 and 500 mm. and even a consid- 
erable number between 500 and 800 mm. 


Behind the first, most westerly 
chain of the Barisan , and particularly 
where there are several parallel chains, 
long narrow valleys are to be found. In 
general these are reached only by descend- 
ing winds, hence the rainfall is suddenly 
strikingly less . It is still not so low as 
it is at such places as Makassar or else- 
where in the eastern part of the Archipel- 
ago. Therefore there is no drought period 
alternating with a season of heavy rainfall. 
There is, rather, a quantitative decrease 
throughout the whole year. As appears from 
Table 9I, page 422, in the valleys referred 
to, and especially in basins which are sur- 
rounded on all sides by mountains of about 
the same elevation, and particularly in 
Central Sumatra, we find the lowest rain- 
fall figures. Annual figures of not even 
2 in. at stations with elevations of more 
than 200 m. and with monthly figures for 
June to August, being for the greater part 
below 70 mm. are thus on the arid side, 
while no single monthly average exceeds 
500 ram. That is Indeed very strikingly 
different from the picture which we get 
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from Tables 89 and 90, pages 421 and 422. 

As to vhat the soil Indicates, we 
shall seldom or never be able to observe so 
severe a drying out that the weathering 
form will be changed. Because a continuous 
drought of 5 months or longer Is an excep- 
tion and by no means an annual phenomenon, 
with an annual rainfall of no more than 
about 1.5 m. the soli just under the sur- 
face practically always remains "continu- 
ously moist or wet." It should also be 
mentioned that the other 9 months almost 
always have more than 100 mm. rainfall. 

Moreover the extent of these rela- 
tively dry areas Is but small. There needs 
to be only a small break In the surrounding 
mountains through which ascending wind from 
the sea, be It from the east or from the 
vest, can get Into the basin or valley, 
vhen the rainfall clearly Increases, as 
Table 92 shows. The annual average Is but 
j m. higher, yet the arid months have 
vanished and the most generally occurring 
monthly average which In Table 9I 
between I50 and 200 m. Is here higher, 


lying between 200 and 3OO nun. Also much 
higher figures are almost never found In 
Table 92. Only Loeboe Slkaplng occupies a 
special place In It, although the station 
Is located In a very definite long narrow 
valley. In the west the Taloe mountains 
are only about 1,000 m. high while In the 
east they are more than 2,000 ra.; the west 
wind Is forced up much higher by this steep 
ridge In the east and gives much rain. 

Along Sumatra's North Coast In 
Atjeh, we can detect the Influence of the 
subtropical drought belt. The northeast 
trade winds reach Atjeh only after they 
have passed over the mountains of Malaya 
during which they have been forced upward 
and have lost a large proportion of their 
moisture and so are dry. From a southerly 
direction only descending winds, which can 
give but moderate or little rainfall can 
reach the northern coast. Beyond Dlainant 
Point however southeastern winds can bring 
rain. These and other conditions are to be 
seen In the data In Table 95 > page 424, 

Even though many of these stations 


Table 92 


DISTRIBUTIOT OF THE RAIR7ALL DURING THE YEAR ON SUMATRA 

Illb. In lon^ narrow valleye, basins and on plateaus. 
Total above 2,000 m. 


Place 

Blavatlon 

, above 

the sea 

in m. 

9 

Rainy 

days 

per 

year 

Jan. 

m. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Rainfall 

In mn. 

per year 

Hujnld 

(vet) 

months 

Arid 

(dry) 

months 

Kbeta TJaneh 

370 

25 


182 

116 

205 

255 

265 

(46 

Bh 

(4( 

213 

336 

306 

27 ( 

2557 

(2 

0 

Sldikalang. ...... . 

1066 

18 


245 

173 

275 

282 

(83 

1(6 

(d 

((9 

2(5 

290 

3(( 

243 

2564 

(2 

0 

Ballge 

912 

55 

158 

180 

162 

(92 

(92 

(35 

(02 

77 

(20 

(6( 

236 

23( 

229 

2017 

(( 

0 

Slboron^orong. . . . 

1520 

23 

158 

(86 

(64 

228 


(39 

90 

78 

((2 

20 ( 

233 

235 

209 


mm 

0 

Taroetoeng 

1076 

28 

191 

235 

(8( 

224 

(99 

I3( 

85 

77 

Mm 

(39 

2I( 

224 

2(9 

2026 

(0 

0 

Padang Sldenpoean. 

285 

52 

176 

210 

(80 

200 

(98 

(43 

95 

81 

(24 

(55 

248 

243 

259 

2156 

(0 

0 

Rao 

298 

17 

155 

nil 

(72 

191 

223 

(64 

89 

63 

((( 

(55 

2(4 

206 

(98 

1997 

(0 

0 

Loeboesllcaplng. . . . 

450 

41 

231 

369 

269 

346 

45( 

3(7 

236 

205 

297 

360 

5(5 

474 

4(5 

11255 

(2 

0 

Pajalcoeniboh. ...... 

512 

52 

167 

273 

207 

234 

250 

168 

(20 

99 

(53 

(64 

223 

136 

268 

2395 

(( 

0 

Baso 

909 

17 

154 

nri 

136 

(96 

227 

(65 

Mm 

92 

(45 

180 

189 

235 

(86 

2072 

(( 

0 

Jort de Kbok 

927 

52 

195 

228 

(68 

2(4 

246 

179 

(30 

92 

(49 

(69 

229 

223 

242 

2269 

(( 

0 

yort r/d Capallan. 

460 

24 

154 

234 

(82 

203 

2(0 

138 

((8 

78 

(28 

(53 

220 

(78 

(98 

2040 

(( 

0 

Savahloanto 

260 

jy? 

l4l 

267 

(69 

225 

273 

(64 

(25 

95 

((3 

(45 

2(3 

217 

226 

2220 

(( 

0 

Solok 

590 

52 

146 

254 

202 

2(7 

220 

(45 

((4 

75 

(22 

(37 

2(4 

2(( 

239 

2148 

(( 

0 

Moearalaboab 

430 

20 

119 

263 

173 

242 

255 

(80 

(07 

88 

((4 

(39 

235 

230 

203 

2229 

(( 

0 

Tjoeroap 

635 

14 

152 

261 

(90 

231 

205 

I3( 

85 

76 

((2 

(90 

2(3 

232 

262 


mm 

0 

Padangboamal 

384 

17 

155 

177 

209 

205 

im 


((4 

(03 

(28 

(83 

209 

264 

(96 

2150 

12 

0 

Nogerlbatln 

900 

16 

161 

270 

2(8 

(97 

2(2 

m 

m 

91 

(29 

(70 

235 

29( 

235 

2367 

l( 

0 
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Table 93 

DISTOBUnOW OF THK RAJffALL EWRUfO THE YEAR ON SUMAIIRA 


IV. The Northern Coaat of Atjeh 


Place 

llevatlon 

above 

tbe sea 

In m. 

Number of 
years of 
observa- 
tions 

Rainy 

days 

per 

year 

Jan. 

Iteb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

Rainfall 

In mm. 

per year 

Humid 

(wet) 

fflonttiB 

Arid 

(dry) 

months 

Peukan Ateub 

8 

10 

123 

171 

128 

143 

133 

123 

62 

66 

64 

144 

142 

170 

230 

1555 

9 

2 

Oeleuelcareng 

3 

10 

117 

146 

9k 

139 

97 

117 

69 

43 

71 

138 

152 

151 

232 

1439 

7 

2 

Kbetarad Ja 

k 

52 

123 

144 

9k 

97 

105 

151 

91 

103 

108 

168 

177 

179 

209 

1626 

9 

0 

Tjotpaja, 

1 

9 

79 

164 

66 

no 

66 

60 


38 

61 

129 

152 

218 

204 

1297 

6 

4 

loreengraja 

10 

Ik 

79 

148 

86 

124 

97 

62 

22 

22 

20 

75 


138 

196 

1074 

4 

J 

Sagll 

at eea 

level 

19 

115 

210 

164 

143 

138 

96 

49 

6? 

46 

76 

156 

218 

305 

1657 

7 

3 

Neureudoe 

at sea 

level 

12 

96 

171 

181 

166 

107 

no 

56 

49 

49 

88 

156 

205 

292 

1632 

8 

3 

Blreuen 

5 

19 

96 

170 

i09 

149 

104 

130 

72 

80 

67 

115 

185 

234 

235 

1650 

9 

1 0 

1 ^ 0 * Seumaveh..... 

at eea 

level 

56 

101 

191 

65 

70 

87 

113 

80 

85 

92 

106 

167 

202 

283 

1541 

6 

0 

Pantonlaboa 

3 

10 

110 

228 

82 

6 k 

90 

122 

81 

82 

91 

98 

149 

183 

253 

1525 

5 

0 

Idl 

at eea 

level 

28 

127 

237 

76 

49 

67 

101 

115 

100 

137 

135 

190 

294 

495 

1996 

9 

/ 

Perlak (Peureula). 

7 

Ik 

139 

281 

98 

77 

67 

109 

83 

93 

130 

151 

162 

210 

280 

1721 

7 

0 


have been established but a few years, so 
that In the course of time It Is possible 
that there will be considerable variation 
In these averages, the data here given 
Indicate the general character of the rain- 
fall, which will not change so much but 
that the following general points will 
remain valid; Low monthly averages, for 
the greater part not above 150 ram.; low 
annual totals, something more than 1.5 m.; 
and few rainy days. Toward the east and 
around Dlaraant Point, however. It Is dis- 
tinctly more rainy. Krobng Raja, facing 
directly toward the north has therefore 
the least rain. Averaging the rainfall of 
these 12 stations. It Is true June, July, 
and August with 67, 67 and Jd mm. have but 
little, yet still somewhat more rain than 
stations (Table 91) of the long narrow val- 
leys, which show averages of 68, 55 and 
74 mm. 

Jumping now to the opposite, the 
southeastern end of Sumatra , we see In the 
eastern part of the Lampongs (Table 94, 
page 425) that some similar rather dry 
months occur, these are here caused by 
the dry southeastern monsoon. Vfhlle this 
effect Is of course most noticeable In the 
east of this region, yet the effect is also 
still clearly to be seen in the gap of the 
mountains at Telokbetong, in the so-called 
Way Lima tract • 


However slncb the east monsoon 
does not reach Sumatra the year round, the 
average In the long run of the relatively 
dry months June to September remains still 
above 60 ram. Even so we can more properly 
speak of a distinct (relatively) dry season 
for this part of Sumatra, as contrasted 
with a (relatively) wet monsoon. 

The one remaining part of Sumatra, 
consisting of the extensive lowland and lov 
hilly land lying between the Barlsan moun- 
tain range In the west and the Straits of 
Malacca and the Java sea In the east, ex- 
tending all along that eastern coast of the 
Island from Langsa to Lower Palembang has 
only one general type of climate (see Table 
95> page 426). Almost everywhere, that Is 
to say at the foot of the mountains, the 
annual average lies between 2 and 5 ni. 

On somewhat higher land the annual rainfall 
lies between 2.5 arid 3 ni* while close to 
the sea more between 2 and 2.5 On the 
Islands of the Rlouw and Llngga Archipelagos 
the rainfall is also about 3 Birt In gen- 
eral the raonsaon influence is weak; "dry" 
months under 60 mm. do not occur, while 
months which average less than 100 or above 
400 mm. are infrequent. Table 95# pag® 
Includes only those rainfall stations with 
more than 20 years of observations. 

Thus with practical certainty we 
may state that over this whole region, with 
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Table 94 

DISmiBUTION OF THE RAIKFALL DURING THR YEAR ON SUMATRA 


V. Southeastern corner of Sumatra (Eastern part of the Lampongo) 


Plao. j 

Elevation 

above 

the aea 

in m. 

Number of 
y^ara of 
obeerva- 

tione 

Rainy 

days 

per 

year 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

Julyl 

Aug.j 

Sept. 

Oct. ^ 

Nov. 

Dec. ^ 

Rainfall 
in mm. | 
per year 

Humid 

(wet) 

monthfl 

Arid 

(dry) 

months 

Wlralaga 

+ 2 

18 

121 

297 

256 

248 

207 

170 

118 

69 

i5 

75 

116 

197 

303 

2100 

9 

1 

Menggala 

18 

27 

137 

426 

311 

314 

237 

152 

113 

95 

93 

119 

149 

246 

353 

2608 

10 

0 

So«lcadana 

26 

10 

129 

349 

265 

298 

203 

158 

III 

73 

82 

85 

99 

153 

278 

2174 

8 

0 

Lab. maringgai.. 

2 

18 

107 

267 

237 

208 

232 

194 

177 

115 

96 

70 

113 

122 

217 

2048 

10 

0 

Kallandah 

35 

37 

150 

286 

226 

200 

200 

176 

133 

84 

78 

86 

112 

244 

242 

2O67 

9 

0 

Redjosarl 

95 

21 

114 

253 

249 

259 

176 

119 

94 

67 

63 

73 

117 

153 

223 

1845 

8 

a 

Gadongtataan. . . . 

112 

25 

131 

246 

244 

219 

t88 

123 

78 

78 

80 

96 

114 

154 

226 

1846 

8 

0 

Walllma 

+140 

26 

131 

247 

224 

214 

142 

iOS 

76 

69 

67 

67 

101 

127 

205 

1644 

8 

0 

Kedongdong 

118 

17 

104 

228 

215 

196 

147 

105 

TV 

73 

63 

68 

■ 92 

159 

175 

1592 

7 

0 


an area of quite 7 times that of the Neth- 
erlands, the soil is practically always 
vet or Is at least moist. The conditions 
here remind us very strongly of those of 
the other Islands lying on the equator, 
although here and there are Important 
soil differences which must be ascribed 
to other Influences than those of the cli- 
mate. 




Except for the rainfall, for the 
present we can In general say but little 
about the climate of Sumatra, at least In 
so far as It concerns the soil. Because 
of the position of this island on the equa- 
tor, as a rule the atmosphere Is more 
moist than Is that of Java or of the Small- 
er Soenda Islands. One evidence of this 
Is the. lower elevations at which the long 
beardlike moss grows In the high tropical 
forest. On Java the moss seldom comes 
lower than 1,000 m. while on Sumatra many 
times It may be found as low as 700 ra. 

The temperatures show no special 
characteristics. They are the same as 
everywhere else In the Archipelago and 
thus vary mainly according to the eleva- 
tion above the sea. Only locally (as for 
example in Dell) can PShn winds (Bohorok) 
vlden the air temperature range from about 
20® to 51°C to the limits of between 17° 


and 56 °C.° In so far as I know, as to how 
the soli reacts to these conditions has 
never been gone Into. However, since the 
dry periods are never longer than four ex- 
tremely dry days In succession, the Influ- 
ence on the soil cannot extend to any con- 
siderable depth. 

The only sporadic occurrence of 
"dry months” in any one time and place leads 
one to expect that the soil temperatures and 
the moisture should be very uniform. As yet 
no observations regarding those are to be 
found in the literature. On Sumatra, how- 
ever, the density of the forest cover*^ is 
not so great as In the southern and eastern 
subdivisions of Borneo. While In this lat- 
ter region 895^> of the area Is forested, for 
Sumatra that figure Is 62$^. For the sepa- 
rate regions the percentages forested are: 


Atjeh and dependenclee 79^ 

East coast of Sumatra 75^ 

Rlouv Archipelago (Slak) 

DJamhl 6?^ 

Sumatra’s West Coast 67^ 

Lampongs 60^ 

Palembang 44^ 

Benkoelen 42^ 

Bangka and Billiton 5^^ 


But when we compare these with 
Java’s figure of 255^^ It Is evident that 
through Its Influence upon the soil climate 
and In other ways the tropical high forest 
of Sumatra must still be of great 


See: Braak, nia. r. B. 0. 1., 11, p. kl ff. 

T- Saa: Taral. D. Boaolmatan In H. I. (1950), P. Teotona xm, (1933), map oppoalta p. 422 (F. W. 

Sndert)a 
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Table 95 

DISroiBUnON OF THE RAJN?ALL DURING THE YEAR ON SUMATRA 


VI. Central Eact Sumatra (from Langkat to Palembang) 



Elevation 

Number of 

Rainy 













Rainfall 

Humid 

Arid 

Place 

above 

years of 

days 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

In mm. 

(wet) 

(dry) 

the sea 

observa- 

per 













per year 

months 

months 


In m. 

tlone 

year 















Close to the 



















mountains 

















12 



861 

29 

173 

635 

543 

553 

614 

480 

370 

256 

370 

505 

673 

622 

707 

6527 

0 


126 

28 

161 

290 

169 

246 

264 

331 

248 

213 

291 

372 

484 

390 

377 

5675 

12 

0 


62 

52 

111 

167 

121 

153 

183 

256 

171 

166 

237 

288 

331 

311 

257 

2640 

12 

0 


392 

60 

21 

127 

257 

205 

228 

235 

284 

159 

148 

226 

298 

415 

264 

235 

2965 

12 

0 

Paslrpengarajan. . . 

21 

177 

317 

252 

330 

286 

220 

149 

120 

162 

243 

312 

336 

346 

3OYI 

12 

0 


75 

100 

26 

177 

319 

285 

349 

321 

237 

153 

151 

164 

219 

274 

318 

377 

5367 

12 

0 


26 

II2 

396 

283 

342 

280 

210 

149 

140 

161 

200 

260 

349 

372 

5142 

12 

0 

Ms Bel 1 11 

67 

110 

22 

159 

171 

307 

228 

309 

269 

195 

142 

121 

129 

178 

277 

252 

343 

27";0 

12 

0 


52 

484 

360 

396 

329 

231 

138 

120 

136 

167 

204 

287 

395 

3247 

12 

0 


118 

55 

II9 

301 

238 

289 

302 

207 

149 

136 

132 

117 

165 

243 

303 

2582 

12 

0 
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significance for the soli and soil proc- 
esses . 

***** 


As has been said In the Introduc- 
tion, from here on we shall not consider 
Sumatra further as a whole, but the Island 
will be treated region by region. For this 
purpose the political subdivisions can for 
the most part be used, though they will not 
be followed In all cases. Here and there It 
Is necessary to overstep the political or 
economic boundaries. To some readers this 


may seem somewhat arbitrary but I feel 
compelled to do this because of the pur- 
poses of this book. 

I ***** 


I. THE MOUNTAINOUS REGION OF ATJEH 

The general character of this 
mountainous region has been described by 
Zwlerzyckl® as follows: "waste and steep* 
The differences In elevation between the 
mountain tops and the soil of the valleys 
and depressions Is very considerable and 


8. J. Zwlerzyoki, Jb. Mljnv. N. 0. I. (1919), Verb. I, p. 18. 
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these latter have mostly a V shanf3. Only 
ijoldom, and then In relatively easily* 
weathered rocks, do these valleys become 
broader In which case they are also Iniiab- 
ited. Otherwise the mountains of Atjeh 
are covered by an unbroken tropical high 
forest . " 

Referring to the condition of the 
natural vegetation of Northern Sumatra, 
Luytjes^ nevertheless says: "it is desir- 
able to break with the conceptlcn that 
Sumatra for the greater part Is covered 
with Immeasurable tropical high forests. 

On the contrary, surrounded by mountains, 
many highlands are completely deforested." 
The one statement Is just as true as the 
other. That this is so ])e comes evident If 
one travels through the land as Volz^^ has 
done . 


We at her in// Processes and the 
Resulting Soil Typies 

From the Pretcrtlary rocks, In so 
far as these consist of slates, as well as 
gravelly slates and quartz it Ic sandstones, 
there came Into existence under the pre- 
vailing conditions of continuous llxlvious 
weathering In the mountainous land ol‘ Atjeli 
only clayey, loamy and sandy soil types, 
which at times are very brightly colored. 

So long as the rocks are not of other 
kinds and not more than those Just men- 
tioned, all the soil types formed from 
them must be quite rich in quartz, especl- 
Jilly In the form of fine sand and silt. 

The colloidal constituents can be little 
Oise than hydrogen clay. 

But In these formations there are 
also many limestones. Where these can 
exert their Influence on the weathering 
Olay these clays naturally possess more 
lime In the absorbed form. On the lime- 
stone as a separate parent material much 
soil does not lie and only an "exceedingly 
scanty open field vegetation exists. Agri- 
culturally these limestone soils are use- 
less . ^ 

Between the above-mentioned Pre- 
^'Ortlary rocks however In a number of 
places there are also Inclusions of old. 


basic volcanic material, such as diabase, 
and diabase tuff. Elsewhere andesite and 
andesite tuff occur, with some pabbro. In 
the localities where such rocks occur an- 
other sort of soil develOi^s. It is richer 
in iron and In general better. But since 
the formation is old and compact, the 
weathering processes proceed relatively 
slowly, so that erosion has arrrle oppor- 
tunity to carry away the newly-formed soil 
just as fast as It is formed. Consequently 
soils with considerable depth cannot occur 
(see Fig. Ib2, page 428). 

Also the very numerous outcrops of 
granite only to a limited degree favorably 
modify the soil on the Atjeh mountains. Not 
only are the granites not rich originally, 
but they weather slowly, and unfortunately 
the erosion can kee\- up with this weather- 
ing so that the weathering contributes 
quartz to the soil of which there Is al- 
ready no lack. In so far as these granites 
are not still older than this sedimentary 
formation and thus stick up through it as 
exposed "windows," they are younger, in 
vdiich case they have been forced u^:' through 
the sedimentarles as magma, which has meta- 
morphosed the rocks In their vicinity. This 
means that these altered materials show 
still more resistance against weathering. 
Therefore, occurrences of this last type of 
granite have neither a quantitative nor 
qualitative effect upon the thickness of 
the soil or upon its improvement. 

The early Tertiary rocks which, 
according to the ahove-referred-to map of 
Zwlerzycki, occur over a considerable area 
in the mountains of Atjeh, consist to an 
important extent of quartz -rich conglomer- 
ates, coarse and fine quartz sandstones, 
etc., which, taken by and large, certainly 
possess still more quartz than the Preter- 
tlary rocksh That some of these sandstones 
also contain some tuffaceous material, 
doesn’t make much difference In this connec- 
tion. Wlien all these rocks weather, there 
must he left over much quartz gravel, and 
coarse and fine quartz sand, as well as 
fine quartz dust. A characteristic pecu- 
liarity of these Old Tertiary rocks seems 
to he a content of mica flakes, presumably 
coming from the older granites. Of course 


~ 9 - A. Luytjes, Teotona mil {192M, P- 528-548; eepeolally p. 547- 
10. W. VoU, Nord-Sumatra 11. Die Gajolander (Berlin, 1912). 

Mz, p. 355. 
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Photo hy A. Luytjes 


Fig. 162. Suratte Paseage, Great Atjeh. Permooarbonlferoue slates 
and limestones. Where weathering soil can exist, there forest 
stands. Not of any use for cultivated crops. 


this mica cornea directly Into the soils of 
this formation. Flowing water again fur- 
ther sorts out the whole of the weathering 
residues and farther on, beyond infertile 
quartz gravel and quartz sand banks, a 
very moderately fertile loam Is deposited 
which is rich In quartz powder. Also a 
relatively small amount of clay Is left 
which, however, contains much extremely 
fine quartz dust (an excellent pottery, 
clay) . 

As Indicated by the repeatedly 
intercalated layers of coal, it Is likely 
that the coarser facies of this formation 
were land deposits. But the finer facies 
are without doubt marine, so that this 
clay could have been itself absorptively 
saturated In sea water previous to having 
settled down chto the sea bottom for a 
long time. According to Zwlerzyckl^^ 
"during (subaqueous) weathering the shales 
of this formation take on a gray color 
while (in the case of subaerial weathering) 
they develop brown, yellow, and reddish 
purple colors, and fall apart In shell-llke 
blocks.'* Thereafter these blocks then 


again further disintegrate and the fine 
detritus Is all too easily carried along 
by flowing water. Now If there Is not too 
much water taking part In the breaking up 
and disintegrating process, still quite a 
bit of plant food remains available for 
the vegetation. For the above reasons deep 
soils will not be found on these rocks In 
the Atjeh mountains. Only the bits of 
colluvial and alluvial flats must be of 
deeper soils . --Although young Tertiary 
rocks do not occur In the real mountains of 
Atjeh, this formation borders the region 
along the north and east coasts Into Lang- 
kat. On the west coast there are also a 
couple of spots, namely, a basin behind 
Meulaboh and a fringe along the north coast, 
behind Slngkel. However, since at most they 
form but hilly land they will be Included In 
the discussion of the low land of the coast- 
al strips of Atjeh. 

On the other hand a number of tracts 
of relatively young volcanic activity merit 
separate mention here: 

a. Poeloeh Weh, with Sabang.^ 

Parent rock: hornblende andesite, 


12. L. c., p. 33. 

13. J. Zwlerzyokl, Jb. Mljnw. (1916), Verb. H. 
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presumably^ ^ of Intermediate composition, 
for quartz occurs sporadically In it. 

The brownish red llxl\^lum, residual 
upon the andesite Itself, as well as upon 
the accompanying tuffs and "agglomerates," 
which are of approximately the same pri- 
mary composition. Is not very deep In 
color and relatively heavy and sticky. In 
other respects It has the usual character- 
istics of this soil material. 

b. The region about Sumatra’s most 
northerly point, Kaap Pedro, and extending 
toward the east-southeast, to and Including 
the Goudberg and Weesberg. The parent 
rocks are: Hornblende-auglte -andesite, 
with a considerable proportion of tuffs, 
also pumice stone tuffs. Since the rain- 
fall Is relatively light In this part of 
Atjeh and the tuffs are very pervious. It 
is strikingly dry, as a result of which 

the weathering proceeds only slowly. The 
vegetation Is therefore far from being a 
closed high tropical forest. Instead 
there is much miserable grass vegetation, 
which Is again and again burned off. In 
consequence only on exposed moist slopes 
has the soil reached the stages of virile 
to senile lixivium, while many times It Is 
still a very juvenile, sandy tuff material. 
This last Is finally transported and de- 
posited in adequately moist plains. Then 
It Is naturally a source of fertility. 

This Is the case In the west, in the plain 
of Great Atjeh, as It Is In the east In 
the plain of Pldle. 

c. According to data from Hlrschl 
Mt. Peuet Sagoe, a volcano south of Sama- 
langa consists of andesite, more on the 
basic side. The same apparently applies 
just as well to: 

d. A number of smaller outcrops of 
Igneous rocks, In the hilly land just south 
from the north coast, lying In a line east 
9-nd west, approximately between Panteh 
Radja and Blreuen. Taken as a whole these 
rocks give the impression of being the 
result of an eruption along a fissure. 

e. Much larger and more Important 
fa the young volcanic region, directly 
south from Blreuen where the Gajoe road 


runs through it to Laoet Tawar. In there 
lies the bigger and higher, but already 
somewhat older volcano Boer nl Geureudong 
and Its younger, still more active partner 
Boer ni Telong. Since for such a long time 
(speaking in the sense of soil science) the 
former volcano has not been active, its 
slopes have weathered much farther than 
those of the latter one. On the higher, 
cooler portions of the older Geureudong at 
1,000 m. elevation and more, under a tropi- 
cal high forest we find a deep orange-red, 
relatively heavy lixivium soil, in the third 
quite senile stage of weathering. At 
1,000 m. the humous surface soil is still 
quite thin, while higher up it becomes 
thicker. Lower down, more toward the foot 
of the mountain long foot slopes run out. 

On these over great expanses the tropical 
high forest has given way to a vegetation 
of grasses and ferns which are repeatedly 
burned off, after which they at once grow 
up afresh. Under this vegetation, which 
characterizes not alone the "blangs" 
(cogonals)^® of Atjeh but unfortunately 
occupies great areas In most all parts of 
Sumatra, the surface soil Is a black loose 
horizon from IL to 45 cm. thick though some- 
times also much thinner. Below this is a 
bright reddish brown or orange-yellow lix- 
ivium, appearing to the eye just about the 
same as that which Is found somewhat higher 
up, under the tropical high forest. One 
must dig some meters below the surface be- 
fore more juvenile horizons are found. Yet 
everywhere we have to do with older, mighty 
lahars, all of which In the first place 
passed through the form of the cogonals 
("blangs") (see Fig. 165 , page 4^0). In 
the second place the construction of the 
great “Gajoe Highway" has exposed a number of 
of profiles (see Fig. l64, page 4^1), which 
clearly demonstrate their lahar-character. 

In the much weathered surface layers even 
yet a number of large stones are to be seen. 
These corroborate the belief that in former 
times these layers also were lahars. 

From che Boer nl Telong, particu- 
larly In its southern sector, important 
lahars have likewise come down. However, 
there have also been a number of lava 


Analyaes still not available. 

^ 5 . Analyses still not available. 

Volz, 1. c. , pp. 223 , 234 . 

H. Hlri^, T. Kon. Aardr. Gen. XXVII, p. 741-763, eepoclally^p. 760 
Open grasQ lands, with Imperata spp. predominating. Cf . p. 572. 
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Photo by J. C. V. d. Meer Mohr 

Fig. 163. Bare (deforested?) Boer ni Rakal, near the Gajoe Road, 

North Atjeh. Perhaps a secondary point of eruption, with a lahar 
In front. "Blang” vegetation, cogon (imperata epp.) and ferns in 
the foreground. 

streams. And Judging from various profiles earth lies upon this lava one is amazed hov 

along the Gajoe Highway It appears that the characteristic tree of the Gajoe land- 

thls volcano has also had ash eruptions, scape, Plnus Merkusll , with Its roots in 
even not so long ago (see Pig. l64, page the little holes and cracks of this flow 

431 ). At about Km. 69 on this road, as la able to shoot up and attain such a re- 

we pass from the older Geureudong land- spectable height. The rock Is thus cer- 

scape Into that of the T^long, the soli talnly not Infertile and appears to weather 

also changes. The orange red color makes sufficiently fast for the vegetation, 
way for the light gray of a juvenile soil In other road cuts we see just bolov 

material, on which lies a humous surface the surface a preponderance of large lahar 

soil darker In color, but still of quite stones. In still other places the profile 

another tint than the black color of the many meters deep consists of fine ash, 
surface soil on the lower lying blangs still unweathered (see Pig. I 63 , page 432), 

(see Pig. 165 , page 432). The quality and and without a single large stone, 

fertility are also entirely different. We From all this It appears that the 

will later return to this point. Boer nl T^long has behaved as an ordinary 

Apparently the rock of this vol- Netherlands Indies volcano, as has the 

cano Is not especially basic, rather Inter- Geureudong, only at a somewhat later date, 

mediate, on the acid side. Presumably the Therefore while on the surface the Geureu- 

Iron content Is not high, for the subaerlal dong soils are already relatively senile, 

lixivium is not a deep reddish brown, but the Tblong soils are more juvenile, and 

much paler. Moreover the lightly weathered are thus more fertile, 
ash soils are not colored intensely brown. According to the map of Zwlerzyckl 
Near to Lampahan this Gajoe highway runs this young volceinlc region extends on out 
over a lava stream of a pale beige color gtin further toward the south, so that 

and rich In glass. Since as a whole, no not only do the Boer nl Poepandjl, Boer nl 

19* As long as analyses are still lacking, we must carry on with provisional criteria of such a sort as 
this. 
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Photo by Mevr. Svart-Stadimalr 

Fig. 164. Atjeh. The road to Gajoe^at km. 66 , shortly after construc- 
tion. The cut shows excellently the alternation of stony lahars and 
fine ash, whether the material had been deposited as a lahar, or as 
an aeollan deposit. 


Salahnajna and the Boer nl Paja belong to 
It, but also the Boer nl Bias. Presumably 
these four are all smaller and somewhat 
older points of eruption (see Fig. 166 , 
page 4^53) • Towards the north a mass of 
lahar material from the Geureudong appears 
to have flowed out in the direction of Lho 
Seumaveh. This material has formed the 
extensive field In the landscapes of Nlsam 
and Tjoenda. However, this happened so 
^ong ago that In general the sqll on the 
old lahar has now become quite senile and 
I3 of only moderate fertility. 

f. More southerly, In the extension 
of the line Boer nl Geureudong, Boer nl 
Tfelong, and Boer nl Poepandjl, there Is 
another Mt. Geureudong, which Is supposed 
to be a volcano. Such suppositions have 
also been mentioned with respect to Mt. 


Loser. For the time being, however, we 
know too little to warrant our now dis- 
cussing this matter further. Likewise, 
because of lack of definite Information we 
ought not to devote any greater attention 
to other occurrences of younger effuslves, 
lying In practically uninhabited regions. 
Regarding the soil of these regions there 
Is not much which we can add to a single 
sentence by Taverne:^^ "Characteristic of 
the andesite (in the Tertiary basins of 
the Wol nl Lesten) Is the typical reddish 
brown, chocolate colored soil weathered 
from this rock, through which It becomes 
possible to Immediately recognize the 
terrain as such." 

Putting one thing and another to- 
gether, we come to the conclusion that In 
the mountains of Atjeh, on the mountain 


N. J, M. Tavern©, Bljdr. geol. Gejoloeten enz., Jb. Mijnv. N. 0. I. (1921), Verb. I, p. 162-268; 
oapeolally p. I 78 . 
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Photo hy Mevr. Svart-Stadlmalr 

Fig. 165. Atjeh. Along the road to Gejo, at km. 8I. The fresh 
road cut shows fine ash some meters deep. On It Is tropical high 
forest, with a distinct layer of humous surface soli about l /2 m. 
thick. 

any observer, --at least as far as I have 
been able to find In the records no one has 
recorded any such Impression. Actually the 
materials which have been transported by 
the rivers must have been derived from all 
kinds of rocks and well mixed together 30 
that practically all the deposits have a 
moderate fertility. Hence there are no 
extremes In either direction. 

If now we turn to the discussion 

of the 


Evaluation and Utilization 
of the Soils 

of Atjeh*a mountainous land, then it appears 
that this as a whole fits in with the above 
recapitulation. lanH it always true that 
infertile mountain slopes stand in contrast 
to fertile valleys? and that so long as 
there is still land available in the val- 
leys, no one would be so foolish as to go 
5nto the mountains and endeavor to exploit 
the slopes? Indeed in the mountainous 


slopes which for the greater part are steep 
and on which it continuously rains a good 
deal, the surface erosion must be very in- 
tense, so that but little soil can re- 
main. All soil formed as surface forest 
soil washes downwards and comes directly 
into the less steeply sloping flatter 
stretches, where the deposits build up 
fertile plains. This happens especially 
in the basin-shaped and longer narrow 
valleys between the mountain reinges, 
where the rainfall (see page 423) is 
considerably less than on the higher 
slopes. Thus the intensity of soil leach- 
ing is also less. Since these colluvia and 
alluvia are always more or less sandy and 
thus pervious to air, the color is usually 
a light brown to blege, and the soil is 
almost always in a condition to be easily 
worked. It is conceivable that some river 
or small stream deposits are formed from 
such a high proportion of coarse and fine 
quartz that soils derived from such de- 
posits may be extremely infertile. As yet, 
however, audh extremes have not impressed 
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Photo by Mevr. Sweurt-Stadlinalr 

Fig. 166. Old kaingin at the foot of the heavily forested Boer ni 
Poepandjl, near Takengon. Elevation more than 1,200 m. In the fore- 
ground are cogon ( imperata epp.) and ferns. 


Interior of Atjeh all deposits of material 
washed from the slopes lie In the valleys. 

In addition, there is sufficient rainfall 
so that the rivers In the mountains flow 
throughout the year. Moreover the greater 
part of the mountains are still well for- 
ested, which Is very advantageous for a 
satisfactory regulation of the water In 
the rivers. The consequence Is that pad- 
dies are in the valleys while no kalflglns 
QiPe on the slopes (see Fig. I 67 , page 4^4) , 
Regarding this, Kreemer wrote: "In Gajo 
^nd Alas and in many parts of Atjeh where 
there is an abundance of flat land avail- 
able for the cultivation of the principal 
crop, upland rice kalfLglns are absolutely 
^riknovn. Only where paddy lands are lack- 
^hg, such as In many localities along the 
®a3t and vest coast, one may expect to 
^tnd upland rice cultivation." The coastal 
^®glona will be discussed later. 

In the valleys thus lie the paddles. 


The greater part of these are well irrigated 
30 that they are Independent of the vagaries 
of the rainfall. The yields of about 15 
quintals per hectare are quite regular, but 
not high. Considering the parent rocks and 
at the same time the elevation, this Is a 
satisfactory yield. There is no doubt, 
however, that If Irrigation were always 
adequate, even with the generally rather 
poor water, higher yields could be attained 
especially If N and P fertilizers were also 
used. 

But the native will not rapidly 
commence to grow kalflgln rice, for except 
on the youngest soils on the volcanic ter- 
rain, such as those on and around the Boer 
nl Tblong, the soli on the slopes is too 
poor and too scant. On the cogpnaLs 
(blangs) of the Boer nl Geureudong, how- 
ever, the soli is no longer kalflglned, much 
less the cogonals on sandstones and other 
quartz-rich rocks. 


J. B:-#eiiiBr, AtJ>h, Pl. I, p. 
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Photo hy H. M. Neeb 


Fig. 167. The Gajo Lands. Lempelan Plnang village, on the Wolh nl 
Padang. Typical Atjehan landscape: flat occupied by paddles, cocos 
marking the villages at the foot of deforested slopes, with groups 
of pines, especially In the ravines. Mountains In the distance cov- 
ered with heavy forest. 



Photo by J. M. Baron v. Tuyll v. 

Serooskerken 


Fig. 168. Peusangan village with paddles on the forelands along the 
PeiuBangan river; Northern Atjeh. Beyond are unutilized; bare hills 
with scattering Pinus . 
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If anyone who does not know that 
country examines the deep hlack soil under 
the cogon ( imperata spp;), the elephant 
grass and ferns, he Is at once astonished 
and gets the Impression that the soli Is 
an excellent one, most suitable for culti- 
vation. However a cultivation experiments^ 
has already shown that this black soil is 
anything but rich. On the contrary It is 
poor and of an entirely different character 
from the dark brown, humous surface soil 
In the old t;:’oplcal high forest, especially 
that lying higher up on the flanks of the 
volcanoes. The black blang soil is as a 
rule thicker. That Is to sa.v. If tropical 
high forest stands at the same elevation 
as the blangs, then In the forest the hu- 
mous surface soil Is, at most, only a few 
cms. thick, while the black surface soil 
of the blangs may bo as deep as from 10 to 
40 cm. 

It Is possible that the remains of 
the burned grass and fern vegetation color 
the soil so Intensely black. However, It 
Is not certain that burning is the only 
reason for the black color; Previous to 
considering such soil on Sumatra and those 
on Java (about which more later) when de.- 1 
scribing Flores and likewise Celebes, re- 
peatedly I had Intended to remark that, 
also without burning, such a black layer 
OE can form under cogon ( Imperata spp.) 
and more especially under fern vegetation. 

If then, the first layer below, E, lyinf^ 
under this black Is also a senile and poor 
lixivium, as It is here on the northern 
foot of the Geureudong, then the surface 
black layer OE is also senile. If on the 
contrary the underlying ground E Is still 
juvenile, as Is many times the case on the 
Batak plateau, then also the surface soil 
OE Is much better, both In the nature of 
the "humus*' and In the content of nlant 
nutrient materials. The deceptive dark 
^lorlng la thus anything but an Infallible 
Indication of beautiful, rich humus . 

Regarding the above-mentioned 
blangs," those expanses of cogon grass 
(cogonals, Imperata spp.) the opinion quite 
generally prevails that they have come Into 
existence as the result of former kalfiglns 
the natives. But If the people now In 
those localities practically never kalfigln. 


as seems to be the case In the Atjeh moun- 
tains, this opinion can hardly be correct. 

In other parts of the Archlpelag/), such as 
Java, Flores, and Mlnahasa, we also find 
vast cogonals but there, so to say, the 
surrounding forest Is now being attacked 
by the kalhgln agriculture, and the prog- 
ress of the phenomenon can be seen clearly. 
The forest is driven back, and the cogonals 
gradually enlarge. Even the cogonals, 
after a number of years, are kalhgined 
over again. But here in the mountains of 
Atjeh, on the blangs and around them in 
the foresL there is no kalnglnlng to be seen; 
the natives plant lowland rice In the pad- 
dles In the valleys. Apparently the blang 
soils are too poor and unsulted to kalfigln 
agriculture and yield too little. The same 
seems to be true of the forests near them. 
But with or without being set afire by the 
natives, from time to time the blangs do 
burn over. So we can Imagine that near to 
the settlements of the natives in the val- 
leys, at the foot of the slopes along the 
transition to the plain, somewhat higher 
lying lands had been tested for use as 
paddles but again abandoned. On these lat- 
ter fields the first grass plains origi- 
nated, and are still used as pastures. 

They now and then burn off by themselves, 
or are intentionally set on fire. Such 
fires also jDurn a part of the edge of. the 
forest. In moist, fertile ravines the 
forest would rapidly regenerate, though It 
would not on ridges with poor soli (see 
Fig. l68, page 434). In this way the co- 
gonals gradually extended back Into the un- 
cleared forest land, which In thii course 
of ages becomes converted Into blangs. 

And It Is even plausible that In Atjeh, 
as also elsewhere, for example on Borneo, 
there are many blangs (cogonals) In whose 
origin the natives never have had a hand. 

To contend that all cogonals which now 
exist are the result of kalfiglnglng seems 
to me a little too narrow a conception. 

Take for example some blangs upon young 
lahars, where now sporadically pines shoot 
up spontaneously. I am even inclined to 
suppose that taken as a whole no tropical 
high forest had existed on this land and 
thus there Is no question of driving back 
or replacement of the forest by the blang 


22. Soe; Kreemor, 1. c., I, p. >58. 
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or cogonal vegetation. However, only 
painstaking investigations on the spot, 
particularly hy foresters or agricultur- 
ists coopera!:lng with soil scientists, will 
give definite information about this. 


# # # ♦ * 


The cultivated crops of the natives 
are to be found in the valley plains. 
Greatly predominating over everything else 
is lowland rice . It is true that the yield 
of paddy per hectare is not extraordinarily 
high, but still it is sufficient to enable 
the Gajoes to sometimes produce more than 
they themselves can consume, so that a 
surplus is at times available for export. 

In the lowland and on the coastal plain 
(see below pages 442-445) surpluses are of 
more significance. We are now considering 
the mountain lands, which are higher and 
cooler. And of course the harvest is large- 
ly determined by the soil. So it is at 
once clear that in the environs of the Boer 
nl Telong, and especially southward a scar- 
city of rice never occurs. On the contrary 
a significant surplus is obtained, suffi- 
cient to provide the European plantations 
located In this region with rice and then 
sometimes even some extra can be exported 

23 

to other places. 

That the soil In this locality 
excels that of other portions of fhe moun- 
tainous land of Atjeh appears also from 
the fact that potatoes are raised with 
success (this Is at an elevation of 1,100 
to 1,200 m.l) In spite of the diseases 
which affect this crop. In how far the 
nature of the soli Is responsible for 
this, as In certain cases Is Indicated 
elsewhere, still remains to be seen. In 
every case the use of fertilizers seems to 
be necessary. 

Following the example of the neigh- 
boring European plantations the natives are 
planting arablca coffee with good results. 
It will appear In the long run whether the 
climate Is favorable for this cropj the 


soli Is apparently quite suitable. 

On flat terrain, but also on the 
slopes of not too steep little ravines, 
where flowing water can always be obtained^ 
vegetables , such as cabbage, are grown es- 
pecially for export; not much is used lo- 
cally. In short--it is clear that the 
locality lies under the Influence of a 
young volcano, which has given the soil a 
high degree of fertility. 

In the plantings of the coffee and 
tea estates west and east of the Boer ni 
Telong this also comes out very clearly. 
Especially in the east these estates which 
lie on tropical high forest land, the soil 
of which has a deep brown, humous surface 
layer of from 20 to 50 cm., under which 
there is pervious volcanic gravel and ash, 
certainly belong to the most fertile of the 
whole region (Plg. 25, page 149). A little 
cementing of the ash at a depth of about 1 
meter, of such a sort that chunks dug out 
are easily broken up In the hand, does not 
detract much from the fertility. 

Nowhere else In the mountains ot' 
Atjeh do we find plantation crops; in gen- 
eral the soil is quite too poor for them. 
Yet It ought not to remain unnoted that 
Taverne^^ stated that between the Gajo 
Lesten and the Alas country he found a large 
area of basic "andesites and basalts, 
younger than the Paleogene." This formation 
he Indicated on his geological map of this 
region. We know but very little about the 
region referred to. It Is therefore quite 
possible that the so^l Is suited for some 
plantation crops. "Younger than Paleo- 
genlc," however, does not say enough. If 
the eruptlves are Tertiary, then that does 
not give much hope as they would have steep 
slopes, and a shallow senile soil. If 
however they are Quaternary, or even Recent, 
theii more should be expected of them. 

Is also the objection that the locality 
lying In the almost Inaccessible Interior, 

Is Isolated too far from the outside world* 
Moreover In so far as Is known, the terrain 
Is very rugged, much cut up, ^nd very thin- 
ly Inhabited. Such conditions are not very 
much of an Inducement to make a closer 


25 . Cf.; Mem. v. Overg. Ordorafd. Takongeum v/d fg. Contr. Mlllue. (Doc., 1933)) P* 6. 

24. Soo; R. Broercraa, Alg. Lb. Wbl. Nod. -Indie, 22 Junl 1923, p. 253 I- 35 .— There at^l,200 m. elevation, 
the wry humous soli Is friable garden earth, but Broersma quotes the pioneer authority Veenhuizen as 
saying that manure Is Indispensable. 

25 , N, J. M. Taverno, Jb. Mljnw. N. 0. I. (l92l), Verb. I, p. 162-186. 
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Investigation, and cannot stimulate the 
lust for plantations. 

In the rest of the valleys, such 
as those of Geumpang, Tangse, etc. and In 
the large Alas valley, good paddles are 
found everywhere. Since these are properly 
worked they produce adequate crops of paddy, 
though for the time being there Is no sig- 
nificant surplus of rice. Perhaps later 
the farmers will fertilize more, thus In- 
creasing the yield and so make possible 
the export of an Important amount. A fa- 
vorable factor Is that here the water sup- 
ply never causes any concern. In rotation 
with rice, but more especially in the house 
yards, the Inhabitants plant vegetables and 
fruit trees. In passing It Is worthy of 
note that In the history of agriculture of 
these regions so little mention Is made of 
maize. On dry fields around the aides of 
the valleys, as well as In the houaeyards 
tobacco Is raised for home use. If after 
a couple of harvests tobacco doesn’t do 
well any longer, a little sugar cane is 
planted for chewing and also for making a 
little sugar. In the Alas valley, as well 
as in Takengeun, some fruit Is also grown. 

Meanwhile the natives from time to 
time go Into the forest to gather wood 
and other forest products, such as rattan 
and dragon’s blood. At times we read 
such statements as this: "the forests of 
Atjeh contain many kinds of good, hard 
vood."^’^--3uch Is to be expected of forests 
on these poor mountain slopes. 

The tree of Atjeh most worthy of 
note Is certainly Plnus Merkusli which 
seldom occurs In the closed tropical high 
forest. But It frequently occurs on the 
edges of It, on the cogonals, and on bare 
slopes (see Pig. l68, page ^5^)* As a rule 
the presence of this tree is not a sign of 
blgh fertility. But the same Is true of 
the conifers In Europe and North America. 
However these trees give a valuable resin, 
from which turpentine and rosin are ob- 
tained. For this reason they are not only 
conserved, but also are planted out to an 
tmportant extent over the blangs (see Fig. 


169f page 4^9), Since man there has an 
Interest In them he can of course prevent 
the usual suppression of the pines by 
other forest trees. 


2. ATJEH* S COASTAL PLAINS AND 
LOW HILLY LAND 

Behind the strip of coast, which In 
some places Is broad. In others narrow, we 
come Into a somewhat higher terrain. Along 
the northern and eastern coast the geo- 
logical map of Zwlerzyckl shows this to be 
a completely continuous band while along the 
southwestern coast slightly higher land Is 
shown as a series of somewhat larger to 
very small spots of "Quaternary" (terraces). 
Behind this Is the much wider and more Im- 
portant Neogene. Although locally this 
formation rises to an elevation of several 
hundred meters, It Is because this Neogene 
has been and still Is of so much signifi- 
cance that It was not discussed In the same 
chapter with the mountains of Atjeh, but Is 
considered here separately. For that matter, 
various Quaternary terraces have also been 
raised up to elevations varying from 80 to 
120 meters , 

The coastal plain Is to be thought 
of as made up only In part of river de- 
posits. A large part of this region has 
been raised up out of the sea, just as 
even longer ago the hilly hinterland had 
been. But with the exception of the very 
youngest sediments, that happened so long 
ago that the soil has now for the most part 
lost the character of marine deposits. 


Weathering Processes and the 
Resulting Soil Types 

Whether the land be low and flat or 
whether It be somewhat higher and rounding 
or hilly, If It but lies In such a location 
that It. can no longer be covered over to 
any significant degree by fresh soil mate- 
rial nor can have more sediment deposited 


^^Dragon’e blood, a red resin from Daemonorhops spp. and Dracaena spp., comeB especially from Tangse.— 

Soe: P. Scholten, Mom. Onderafd. Lam Meulo (Dec., 1955); P* ^5- 
^7. See for exanrolo: K. Th. Beets, Mem. v. Overg. Afd. Gajoe en Alaslanden (Mel, 1955)* 

28. Compwe the Interesting paper by A. Luytjee, De Plnue MerlcuBll in H. Sumatra, Tectona XHI (l92l*), p 

523-349. 

29. See: Jb. Mljnw. H. 0. I. (1917), Verh. I, p. 211- 
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upon it, the influence and effects of one 
or another autochthonous weathering com- 
plex may be observed. Hence, whatever lies 
exposed there Is to be thought of as a 
parent material for soil formation. This 
applies equally to the solid Neogene rocks 
of the foothills and to the allochthonous 
deposits of the lowlands. 

Regarding the more or less solid 
parent rocks which comprise the Neogene , 
already in the introduction (see page 420) 
various things have been said. Now let us 
add the following to round out that state- 
ment: The materials from which these rocks 
have been formed were most probably origi- 
nally deposited as sediments In the quite 
deep sea. Then, through continuous rising 
of the land with reference to the sea they 
were accumulating in a continually shallow- 
er sea and finally as land deposits. In 
the deeper layers we thus find much CaCOa 
(especially from Fonaminifera) and upwards 
less and less with finally no lime at all. 
Instead little layers of lignite which are 
so thin as to be unimportant. In the 
second place in the successive layers, from 
below upwards, we find an increasing tuff 
content, though that is the case only where 
volcanoes were in the locality. Where 
these were lacking, as for example between 
Idl and Langsa, the ash content is also 
lacking. The tuff reaches a maximum for 
example to the north of the Geureudong- 
Telong complex, as well as around the Goud- 
berg, where some of the youngest Neogene 
rocks are almost pure volcanic tuffs. Of 
course between these two extremes there lie 
all sorts of transitional forms. 

The climate along the north coast 
(see Table 93) l3 now such that although in 
the west it is significantly drier than in 
the east, yet nearly everywhere a leaching 
type of weathering exists, although it may 
well be that in the west this process pro- 
ceeds more slowly than in the east. This, 
combined with the above rem.arks about the 
parent rocks, brings us to the following 
descriptions of the soil and ecological 
conditions upon the Neogene (and still 
somewhat younger) hills: 

a. Prom Kwala Slmpang to Idi.-- 
Parent rocks: quartz -rich, free from tuff, ! 
poor in iron. Climate: almost without dry 
months. Soil: more or less sandy, lighter 
loam to heavy loam, of a yellow color, here 
and there pale red, at other times bleached 


to a grayish white clay. This last occur- 
in places where a high clay content and a 
small amount of water movement in the sou 
have brought about amphibian, and even sub- 
aquatic conditions. As a rule the humus 
content of the surface soil is low. 

Vegetation: apparently originally 
practically everywhere tropical high for- 
est, but not luxurious. When this is once 
destroyed, then it regenerates Itself but, 
slowly, or as a whole not at all, the land 
remaining covered by congonals. 

b. Between Lho Seumaweh and Blreucn. 
--Parent rocks: predominatly tuff sandston-s 
and tuff loams tones (in proportion as they 
originated out of coarser or finer ash, 
etc.). Climate: three months of average 
rainfall between 80 and 100 mm. and all Ihe 
rest “wet" and above 100 mm. but tlie total 
annual precipitation still nob as much as 
two meters. Soil: not seriously eroded, 
thus quite deep and in consequence senile, 

a light red lixivium, rapidly showing a 
lack of enough water for the vegetation. 
Naturally the greater part is forested, 
with little humus in the surface soil. The 
relative poverty of this pervious soil is not 
made good by an excess of water, which or- 
dinarily should be able to compensate for 
the small content of plant nutrient sul)- 
stances in the soil. 

c. Along the northern slopes of the 
Goudberg complex. --Parent rocks: likewise 
predominantly rich In tuff varying to 
purely volcanic. Climate: still less rain 
than in the locality (b) just described 
(see Table 93). Here, as also on the south- 
ern slopes, there are periods without rain 
as long and almost as severe as in the vaj- 
ley of Great Atjeh. Where the rock upon 
weathering leaves behind pervious soil 
material, subject to intermittent, slow 
washing out, there must develop from It a 
chemically not Infertile but rapidly dryli^" 
out, brownish red lixivium soil. Besides 
this however, here or there in this most 
northerly part of Atjeh, on lower convex 
terrains not higher than 100 m. where a 
difficultly pervious soil material liey> 
alternating water movement in the soil 
ought to bring about the formation of a 
grayish black, clay-rich, strongly crack- 
ing soil. Personally I have not seen such 

a soil, but then I have travelled only alorig 
the highway between Segli and Kotaradja. 

Nor in the publications concerning 
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Photo by L. Ph. de Buesy 

Fig. 169. Atjeh. Natural group of pines ( Plnus merkuall ) near Lampa- 
han on the higher open grass lands. In the left distance the Boer nl 
Geureudong, In the right distance the Boer nl TMong. 



Photo by J. Breemer 

rig. 170. Great Atjeh. Landscape In the Neogeno hilly land on the 
northern side with Goudberg and Veesberg. Climate ^uito dry. Strong 
■beet •erosion. Because of the repeated encroachment by man little 
opportunity for the formation of deep soils. 
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Atjeh have I found anything about such a 
soil, but that does not mean much, --as by 
nov the reader already knows well — . Who 
is there who in describing a region in the 
Netherland Indies, observes the soil and 
writes anything about It? — It would Indeed 
be interesting to have data published about 
the soli, such as of the localities around 
Kroeeng Raja or Lam Teuba, L. Baro or L. 
Nga, all lying about Sumatra* s most north- 
ern point. 

Around the Goulberg the forest 
does not amount to much, cogon covering all 
the knolls and slopes of the Neogene. Here 
and there stand some shrubs. In the ravines 
a few trees and some somewhat taller 
growth (see Fig. 170, page 459^* ^so the 
map by Luytjes^^ shows this region clearly 
as one vast cogonal. 

***** 


Turning now to the low land and the 
coastal plains , we come to the most thickly 
populated portions of Atjeh, the soils of 
which are the most Important economically. 

Of course the original material of the 
soils of these plains differs according to 
the source of the material deposited as 
colluvium and alluvium. This varies ac- 
cording to what the higher back country Is. 
But besides this, however, notice must be 
taken of the differences between river de- | 
posits In fresh water and marine deposits 
In salt water. Along a slowly rising 
coast there Is In addition also the combi- ; 
nation of the former with the latter. 

While with land deposits It Is as 
a rule not difficult to Indicate which 
river brought the sediment down — unless In 
a great low plain different rivers flow out 
close to each other, such as the Maas and 
Waal In the Netherlands --with marine de- 
poilts It Is as a rule less easy, since 
the currents of the sea sometimes cause 
considerable horizontal displacements paral- 
lel with the coast. Thus the picture, 
usually simple in broad lines, can be 
greatly confused, and at the same time all 
kinds of differences may more or less bal- 
ance each other. 

On the topographic map of 1:40,000 


It Is very easy to distinguish the river 
deposits from the marine deposits. The 
former are recognizable by the natural 
diking of the rivers formed by more sandy 
deposits. On these are built the villages 
which thus In form follow the course of the 
river. If the river leaves this channel, 
then It makes a new channel with new dikes, 
and on them spring up new villages. The 
villages shown on the map thus Indicate the 
location of both the present day and the 
former river channels. 

The sea meanwhile throws up sand 
and mud banks (in various places, but not 
everywhere along the coastl). For the 
greater part these are parallel with the 
coast. Little by little these ridges corie 
above the water and the slight depressions 
lying In between become gradually filled 
with silt and their beds being raised, are 
cut off from the sea, so that the water In 
them becomes less and less salty. These 
depressions are thus first swamps, then 
paddles. While on the somewhat higher 
sandy ridges the villages are built which 
In form follow the coast and dune ridges. 

In this way was formed the northern 
part of the plain of Great Atjeh which is 
traversed by a number of dry ridges parallel 
with the coast, Indicating that this portion 
of the plain Is a marine formation. The 
rest of this plain shows only present day 
and earlier river channels, showing that 
It Is the result of river action. --In a 
number of places on the north coast the 
same relationships are very clearly demon- 
strated. The most beautiful Is to the 
north and northwest of Lho Soekon, In the 
region of the lower course of the Kl'. 
Keureutde and the Kr. Pasd rivers. Aloj^ 
the Kr. Blang and the Kr. Djaraboe Aje 
rivers we see the. predominating Influence 
of these rivers, which have extended their 
deltas outward Into the sea las at Oedjong 
Peusangan and Dlaraantpunt ) . Southeast of 
Dlamantpunt to as far as Langkat the river 
Influence continues to predominate. 

Meanwhile, some general qualitative 
differences may be observed. For example- 
between Langsa and Idl we would not expect 
It to be possible that the rivers would 
carry out juvenile sand and silt from a 
young volcanic origin. In fact, all allu- 
via and colluvia of terrigenous nature 


50. A. Luytjes, 1. c ., Tectona XVII (1924), p. 323 . 
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deposited have been senile and poor. On 
the northern coast, on the contrary, the 
Kr. Sawang, the Kr. Peusangan and the Kr. 
Meureudoe rivers without any doubt bring 
juvenile material down from the volcanoes 
which lie in the Interior. Naturally this 
material has had an effect upon the plain. 
The valley of Great Atjeh Is built up of 
mixed senile and juvenile material. 

In this respect this valley of 
Great Atjeh is Indeed a particularly fa- 
vorable object of study. To the northeast 
lies the volcanic terrain of the Goudberg, 
etc., to the southeast Neogene, but the 
Great Atjeh river comes from still much 
further southeast where there are slates, 
sandstones, shales and even granite. To 
the southwest lie limestones, gabbro, and 
serpentine. In passing we may add tliat It 
is a great pity that there are no detailed 
data relating to the soils of this impor- 
tant plain. In all publications the soils 
seem to be considered as uniform through- 
out, for no one has recorded differences 
between the north and the south, nor be- 
tween the Sellmeum-Indrapoerl portion and 
the coastal strip. Prom what we do know 
ve can now say that the soils are probably 
as follows: 

a. Along the Great Atjeh river lie 
lighter sandy soils with much quartz 
sand. 

b. In the southwest, close by the moun- 
tains perhaps there are soils still 
rich In lime. However, the farther 
one comes out Into the plain, the 
poorer the soils will be in this 
element. But on the coast they con- 
t$iln more lime. Above all, there is 
much quartz everywhere, either as 
sand or slit. 

c. In the northeast, close by the vol- 
canic outliers of the Goudberg, near 
Sumatrans north point, the soli Is 
poorer in quartz, richer in clay, and 
heavier. The color of the lower por- 
tions la perhaps more gray to black- 
ish gray, while the higher regions 
are somewhat redder. Upon approach- 
ing Kotaradja, however, because of 
the large proportion of quartz pow- 
der, the colors gradually change to 

a more pale reddish, light gray. 


However, without accurate field 
study such deductions have little value, 
except as a goad to observation and criti- 
cism. 

The above-mentioned pale gray color 
with a reddish cast, we see everywhere along 
the northern coa3t--in the large Pldie plain, 
at Meureudoe, Samalangan, Bireuen and still 
farther east. It is evident that the far- 
ther one goes out into the lowest land, 
against the coastal swamp zone, the less 
of this red or brownish color there is; 
here the gray to dark gray of the subaque- 
ous soil predominates. The converse Is 
also true: the nearer one approaches the 
hills, the redder and brighter becomes the 
tint of the soil which was perhaps once 
gray as deposited by the flowing water, 
but now lies exposed and weathers further 
subaerially. It is true the content of 
fine quartz sand makes the red color paler, 
but still it is there. 

Because of the great number of 
small rivers which come from the mountains 
but little lowland of any extent has been 
cut off from the sea and transformed Into 
fresh water swamp. The Paja Tjltjem, east 
from Lho Soekon, along the north coast Is 
still the most Important terrain of this 
nature, although this is already being 
nibbled at from all sides and more and 
more of the area has been altered Into 
paddies. According to the description by 
Van Heurn^^ this "paja” Is not a true swamp, 
in that over a large area it Is only a 
couple of feet deep and, except for perhaps 
a couple of little spots of no significance. 
It is a mineral soil without the formation 
of peat. Also In Java pajas or rawahs ex- 
ist without the formation of peat, and with 
a solid soil. The pH of the water standing 
In such a swamp must 1)0 higher than 4,5 to 
6. Of the , Paja Tjltjem we do not know the 
pH but it would be easy to find out. Ac- 
cording to Van Heurn, the soil Is a gray 
subaqueous, bleached, heavy clay, which 
perhaps upon further study would be found 
to have such a high content of fine quartz 
dust and sand that the name heavy loam 
would better express the texture. The sub- 
soil certainly consists of marine deposits 
(marine clay, or perhaps sand banks) which 
give the ground water there a high pH (more 
than 7). In how far this is noticeable In 


Jhr, F. C. ran Hourn, Hpt. tetr. gronden en geetoldh. der Paja Tjltjem (1920). 
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the surface next to the fresh water now 
standing on It has not been determined. 
Perhaps no river deposits of any thickness 
have ever been deposited on It, In which 
case there has not been much opportunity 
for the formation of peat. The entire 
coastal plain formation gives the Impres- 
sion of being still young. Hence possibly 
the surface soil has not yet been Inten- 
sively altered, in which case an acid re- 
acting hydrogen clay has not yet developed. 
That change will take place In the future, 
though It la more likely that before regu- 
lar peat formation can commence the entire 
paja will be eliminated through the Influ- 
ence of man. 




As to the coastal plains along the 
southwestern coast of Atjeh, very little 
has been recorded about them In the litera- 
ture. This Indicates that they are very 
thinly populated. Between Lho Nga (con- 
nected with Great Atjeh through a valley, 
which Is to be thought of as a sedlmented- 
up, earlier strait of the sea, now con- 
verted Into a plain of paddies) and Tjalang 
the mountains come clear out to the rocky 
coast. But south from Tjalang the coastal 
plain begins, which northwest and east from 
Meulaboh is very broad and extends south- 
east to the Soesoh River. From there on 
to Tapatoean and even somewhat farther on 
the coast Is rocky. Then a new plain be- 
gins, which widens at Troemon. At Slngkel 
this plain is extensive, and ends at Baros, 
which Is already In Tapanoell. Unfortun- 
ately I have never been able to visit the 
west coast of Atjeh myself, but In so far 
as the available maps show, the two big 
coastal plains mentioned are of the same 
character. Quite good sized rivers flow 
out of the mountains (see the rainfall 
Tables 89 , 90) and these streams bring out 
much silt, sand, and gravel. The rivers 
build up their river banks, the ocean 
throws up bars, and between the two exist 
the shallows, which gradually silt up full, 
but which until that time carry the charac- 
ter of marsh land and swamps, a formation 
similar to the "danaus" of Borneo. The 
natives live on the banks of the rivers and 
on the high points at the mouths of the 


rivers, but the ''drasland, " as the topo- 
graphic map calls It, is uninhabited end 
Impassable. 

Thus the major portion of the soil 
continues to be under subaqueous condition,,. 
From the Precarbonlferous formations of tiie 
mountainous back country the rivers can 
carry out only weathered material. From 
the Neogene lying behind Meulaboh and Sinf;- 
kel perhaps something better can come, but, 
the sediment which fills the plain cannot, 
be rich. This Is also proved by the "con- 
dition of settlement," the degree to w.bic 1 
the land has been taken Into use and lived 
upon. Extending, out from the stream banlui 
of some of the rivers here and there bho 
natives have been making use of small bits 
of land along the margins of the lower 
portions, for example along the Meureudoo 
River. But along others, as the Kr. Seiuin- 
gan river, for example, (see for exampl(' 
the Meulaboh sheet of the topographic ma; ) 
ho agricultural use has been made of tlunsc 
areas . 

This notable difference between 
the southwest and the north coasts of Atjcli 
would be very strange and incomprehensible; 
If Mt. Loser, the highest mountain of Norf.h- 
ern Sumatra (3,58l m.) were actually a 
young volcano. While this mountain is not 
even certainly a volcano, this does not 
mean that It does not perhaps for a largo 
part consist of old eruptlves but certainly 
In any case It Is not a source of great 
fertility for the surrounding country. 


Evaluation and Utilization 
of the Soil 

In agreement with the foregoing is 
the fact that the plains, the low lands oI 
North Atjeh are practically entirely used 
for paddles. They are Irrigated paddies, 
where Irrigation Is by flow (see Fig* 1^^'*^)’ 
Where the farmers cannot lead flowing water 
onto the fields, the paddles must depend 
directly on the rain. Of what sort are 
these paddles? As has been said, the soil 
Itself by nature Is not rich; for Its 
nourishment the crop must depend to a larye 
degree upon the Irrigation water. Intensive 
working of the soli Is an effective mean^ 
making the plant food easily available tor 
the roots. Hence If the rice farmers ol 
Atjeh dig up their paddles with a hoe at 
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least twice, and sometimes even three 
times, there Is some sense to It. It Is 
not at all a useless custom, but a practice 
which gives results. 

Yet In the different tracts the 
results are by no means uniform. Here the 
climate appears to have a noticeable Influ- 

3 2 

ence. Kreemer records that on the North 
and east coast the harvest Is .30 to 80 
times the amount of seed, In Great Atjeh 
to times, and In the Gajo (lake re- 

gion) 30 times. If we now calculate that 
per hectare approximately 19 to 28 kilo- 
grams of seed paddy are necessary, then 
that would mean crops of 7*8 to 31 Quintals 
paddy per ha. for the north and east coast, 
9 to 17 ‘9 Qu./ ha. for the north and east 
coast, 9 to 17.5 qu./ha. for Great Atjeh, 
and 7.8 and 11.7 qu./ha. for the high-lying 
inland. Then If we compare these figures 
with the certainly lower yields of the west 
coast, then we come back to the old rule, 
which also appears to be true for Atjeh; 

The more rain, the lower the yield . To 
show this It is but necessary to place the 
above-recorded yields along side of the 
corresponding tables showing the distribu- 
tion of rainfall (Tables 89-93)* 

If these rough estimates are 
checked more carefully by exact experiment- 
al cuttings, the results will Indicate how 
In the future the rice production of Atjeh 
can be Insured and Increased: In the first 
place by regulating Irrigation well on the 
north coast and In the valley of Great At- 
jeh on out to the sea, and as far as pos- 
sible to convert into Irrigated paddles 
those as yet dependent upon the rain, and 
through careful selection of the best 
I’lvers as to their water and sediment, to 
30 use their water that not an unused drop 
of the best quality water and silt flows 
into the sea. In this way Atjeh can per- 
haps continue for still a long time to ex- 
port an important rice surplus to other re- 
gions of the Archipelago. The not more 
ihan moderate fertility of the soli of the 
coastal stretches referred to Is compen- 
sated for by an Intensive cultivation of 
the fields and by n rainfall of approximately 
m. distributed advantageously through- 
out the year. 

In addition to the above factors 


there is also something to be expected 
here from the use of fertilizers. Experi- 
ments In Great Atjeh^^ showed Increases In 
yield of from 10 to 29 quintals, and from 
18 to 30 quintals per hectare dry paddy 
by using ammonium sulfate plus double 
superphosphate, each at the rate of 200 kg. 
per hectare. There appears to be a serious 
lack of nitrogen as well as a significant 
deficiency of phosphorus. Further figures 
have not yet been published. There Is no 
doubt, however, that also on the north 
coast such Increases of yield are to be 
obtained at a number of places. It seems 
to me that not until considerably later 
will the eastern and the southwestern coast 
soils be tested as to their fertilizer 
needs . 

In the low lands of Atjeh, maize 
and upland (kalngln) rice play only a minor 
role. The Inhabitants have paid much more 
attention to money crops such as pepper, 
areca nuts, coconuts, rubber and patchouli 
( Pogostemon , see page 446). 

The cultivation of pepper ( Plper 
nigrum ) principally in the plain on the dry, 
somewhat sandy, occasionally flooded soils 
along the rivers has been especially ex- 
panded (see Fig. 171, page 444) and has 
brought to Atjeh a prosperity unknown In 
previous years. It Is true that the pepper 
gardens are not so Intensively and finely 
cared for as are those of the Chinese on 
Bangka, but here the cultivation has the 
advantages of a more fertile, younger soil 
and of a more favorable climate than on 
Bangka, so that after all a sizeable harvest 
Is obtained. With great care the native of 
Atjeh chooses a location for his pepper 
garden. By preference, It Is forest land 
and in selecting this, particular attention 
Is given to the kinds of trees which stand 
on the land and which indicate the nature 
of the soil. A number are Indicators of 
favorable conditions, a few others of un- 
favorable ones. If no forest Is standing 
on the land, then rushes, Cyperaceae, etc., 
are Indicators of bad drainage and are a 
bad sign. But perhaps good drainage can 
even make such terrain suitable. Heavy 
soils rich In clay make the pepper vines 
grow well vegetatlvely, but they yield too 
little pepper. Such soils are thus better 


Kreemer, 1. c ., I, p. 439* 

53. Afd, Landbouw (Bultenzorg) , Jaarveral. (1929) > P* 233* 
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fig. 171. The Pldle plain, Atjeh. Railway line through (julta good 
pepper gardena along the north coast, on river dapoelta made up of 
volcanic material, no longer flooded. 



Tig. 172. The PaaA region (Uio, Seuaaweh) of the northern ooaetal 
plain of Atjeh, where the railway rune through areoa pal» gurdene. 
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used as paddles. 

Since there Is so much limestone 
In the mountains of Atjeh, ve should not 
expect such strongly leached "hydrogen 
clay" as ve mentioned in the discussion of 
Bangka soils. Hence "soil hurning" as a 
remedy Is also superfluous here In Atjeh. 
Through drainage sour soils eventually 
become good though this does not make them 
rich. 

Any close correlation between the 
occurrence and productivity of pepper gar- 
dens and the soil type has not yet been 
established. However, It does seem prob- 
able that such a relationship exists. If 
this could be worked out it would presum- 
ably be of value for the future. 

Perhaps at the same time ve could 

learn on which soils areca (betel nut) 

palms , another Important crop of Atjeh, 

grow the best (see Fig. 172, page 444). As 

yet ve know even less about the soil re- 
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quirements of the areca palm than for 
example about those of the coco. It is a 
question as to whether anyone has ever 
given any thought to these matters. 

Since they supply an Important 
foodstuff, coco palms are grown more or 
leas everywhere In Atjeh. However, there 
are proportionately more In the low land, 
upon the recent and former ridges of sand 
marking old beach lines. Cocos also grow 
in the interior on the sandy banks where 
the river overflows, and on the reddish 
brown lixivium soils without sand, in which 
case the iron hydroxide takes the place of 
the sand in making the soil loose and per- 
vious, especially for air. Relating to the 
production there are no figures in the 
literature. It Is true that Kreemer re- 
corded that "in Great Atjeh the conditions 
for growth seem to be less satisfactory, 
since the soli consists of heavy clay, 
which la only slightly pervious and hence 
is difficult to work"; --"periodically the 
^oco palms become yellow" which Kreemer 
asci^lbed to a lack of oxygen In the soil. 
However, there may also be another cause 
this, especially since further on he 
speaks of scorching east winds which in 
the valley of Great Atjeh cauee the fall 
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of a great number of recently-set coconuts. 

A study of the soil, especially If the 
soil climate be Included, would most prob- 
ably throw some light on this question. 

Cabo negro palms (Aren^a pinnata ) 
are found scattered everywhere, both in 
the Jungle as well as in the house yards. 
Hence these palms give no indications as 
to the nature of the soil; they desire 
only a continuously well-drained soil. 

As for that matter so do the coco and the 
areca palms . 

Nipa (Nipa frutlcans) and Sago 
palms (Metroxylon) on the contrary prefer 
amphibian and subaqueous land, the former 
with brackish water, the latter with 
fresh water. Nipa "palms" occur especi- 
ally on the wldened-out marshy river deltas 
of the east coast of Atjeh. On the con- 
trary there are more sago palms on the 
southwest coast, especially behind Singkel, 
a fact which is apparently connected with 
the repeatedly occurring scarcity of rice. 
These palms are thus a sort of emergency 
help to the Inhabitants, which makes us 
think of the similarity of this country 
with what ve have seen of the poorer strips 
of Ceram and Halmahera. Certainly there 
is no lack of water for rice, but whether 
fertilizing these paddies will bring about 
Important changes in the economic relation- 
ships of the inhabitants is still vague 
music of the future. 

Apart from the nipa, the other 
vegetation of the swamp forests along the 
north coast and especially along the east 
coast from Idl to Langkat, is by no means 
without value. Of the mangrove vegetation 
the Rhizophora supplies tanbark, besides 
fuel; BruRUiera spp. give better tanbark, 
and structural timber as well as fuel; 
Ceriops spp. and Carapa spp. supply tan and 
dying barks. The soil of these forests, 
practically entirely weathered subaqueously, 
is grayish white. On the side toward the 
land the water flowing over the submerged 
soil is brown and acid with a low pH; 
while farther out toward the sea the water 
is more and more brackish and with a higher 
pH. The conditions for the formation of 
peat are thus not more than moderately 


54 . Cf.j J. H. Hey;L, De pepercult. in Atjeh en Qiiderh. , (Kotaradja, 1912), p. 6. Various points are In- 
corporated In the Government publication: De pepercultuur in d© Buitenbezlttlngen (Batavia, 191,^), P* 

74. 

55 . Cf,: Kreemer, 1. 0 *, p. 175* 

56. Kreemer, 1. 0 ., p. 16^. 
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favorable. Only In a fev more or less 
cut-off places can the water become so 
free of salt and so acid that peat com- 
mences to accumulate. 

Among other crops, especially com- 
mercial ones, which also deserve mention 
Is nllam or patchouli cultivation which Is 
carried on practically exclusively along 
the southwestern coast. In the vicinity 
of Tapatoean and Bakongan. Why these 
occur only there and practically nowhere 
else In the Archipelago, If we except a 
few European plantations on Java, Is not 
known. Unless we accept the following 
statement^”^ as positive fact, the special 
soil and climatic requirements of this 
plant ( Pogostemon ) are not known: “in West 
Atjeh they plant patchouli preferably on 
virgin, humus-rlch loose soli, however 
also on old kalnglns, hence where the humus 
content Is already decreasing and the soil 
Is not so loose In structure.” As to accu- 
racy and' precision, this statement leaves a 
great deal to be desired. Elsewhere the 
same writer says “nothing Is done along 
the line of cultivation of the land or 
fertilizing.” Thus It Is still a primitive 
culture. Whether this crop will tolerate 
a more Intensive type of cultivation Is 
another question. 

In all Upper Slngkel, In the old 
forest, Dryobalanops aromatlca , the tree 
which produces camphor and camphor oil , 
still occurs. But we do not know on which 
soil, nor on which parent rock, nor In 
which climate, nor at which elevation it 
grows best. It occurs nowhere else In the 
entire Archipelago. Is that to be ascribed 
to a certain delicacy of this tree or to an 
accident? --Who can say?--at the present 
time since the synthetic product Is purer 
and cheaper the Sumatran product Is of no 
Importance economically. 

And now we come to Hevea rubber 
the planting of which has been extended 
especially In Langsa and Tamlang, North- 
eastern Atjeh. In the dry plain and the 
low rounded Neogene hilly land there was 
still enough good land either unoccupied or 
only thinly settled, so that the Inhabi- 
tants did not wish extra land. These 
lands were more easily available for rub- 
ber especially since they are not fertile 
enough for more exacting crops. The soils 


had been formed from deposits of rivers 
such as the S. Slmpang Klrl and the S. 
Slmpang Kanan, coming from regions con- 
sisting predominantly of old and young 
Tertiary sandstones, loamstones, claystonea 
and some limestones. To the formation of 
these soils eruptive rocks have not con- 
tributed to a degree worthy of mention. 

But Hevea Is a tree which does not demand 
much. It grows If only It has but enough 
water and air In the soli; thus here its 
cultivation succeeds excellently. 

If the world could but use several 
times as much rubber as It has need of’ 
today, cultivation of Hevea In this region 
could be greatly extended without limiting' 
the area of other crops . 

Oil palm plantations are also found 
In these regions. But very much earlier 
this tree crop shows definitely a need for 
fertilization, since In connection with 
the setting of fruit It draws significantly 
more plant nutrient materials from the al- 
ready too-poor soil. Then in the bunches 
of fruit these nutrients are carried out 
of the garden. 


« # * « # 


3. THE BATAK REGIONS 

According to soli, landscape, In- 
habitants and culture the Batak Regions 
form so much a single whole that they d(?- 
serve to be treated In a separate chapter. 
Administratively they are now divided Inlr) 
two districts. The larger part belongs to 
Tapanoell, while the Karo lands and 3 line - 
loengoen are under Sumatra's East Coast. 
But for our purposes In which we are con- 
sidering the soil It ’appears preferable ti^ 
keep these subdivisions together. On the 
other hand In connection with the Europcoi’ 
crops of Sumatra's East Coast, there nre 
various other things to be said about 
Slmeloengoen which will be given In the 
following chapter. 

Soil-Forming Rocks 

As has already been touched upon 
In the general consideration of Sumatra 


57. H. Loos and H. Cionggrljp, Patchoell, Landbouw 2 (1926~’27), p. 355. 
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(gee page 4l8), the outstanding character- 
istic of the rocks of the Batak Lands Is 
the predominating covering of llparlte, 
occurring In the form of loose and more or 
less hardened tuffs. 

At present the most acceptable 
conception concerning the origin of this 
material is the follovlng: At a certain 
Instant from one or more points, lying 
In or near what Is now Toba lake, through 
explosions exceeding all human conception 
as to violence and magnitude, enormous 
quantities of fine volcanic ash were blown 
out and scattered over the surrounding 
region. In this way over an area roughly 
estimated at more than 20,000 km.^ the 
previously existing landscape was burled, 
not under a harmless layer of snow aver- 
aging but 50 cm. deep, but under an ash 
layer averaging 100 times as deep.^^ The 
depth decreased In proportion to the near- 
ness to the circumference, for near the 
edge It amounted to only a few meters or 
less, while close to the central point of 
the explosion the thickness Is hundreds of 
meters . 

But even from the beginning there 
were other variations In this covering 
layer. Of course the earlier burled land- 
scape was not flat, rather a mountainous 
region with peaks and canyons. Where the 
slopes were steep the ash soon began to 
slide off, so that for a time the new sur- 
face came to be flatter than the original 
one. Through erosion and forming of lahars 
rainwater markedly aided In a process we 
have learned much about from the volcanoes 
of today, as for example the Kloet. As a 
result of this erosion of the loose ash a 
number of high peaks and ridges were again 
entirely exposed, while on the other hand 
the earlier ravines were washed full. 
Moreover in the lower land, lying further 
from the center of eruption, where first 
but little ash had fallen, an extensive, 
secondary covering of ash was built up, so 
that while at first the relief of earlier 
times was practically entirely obscured 
^’rom the eye, yet from that time It 


gradually began to be recognizable again. 

In this work the rivers helped especially. 
Since the catastrophe they have gradually 
but continuously cut their channels deep 
Into the ash and tuff and In so doing have 
again exposed at a number of places on the 
walls of their deep valleys what had been 
hidden from earlier times under the lipa- 
rltlc ash cover. In the paper by Drulf, 
cited above, the reader can find much de- 
tail regarding this. 

Restricting ourselves to the soil- 
forming rocks of the Batak Lands, we have 
thus: (1) The llparltlc tuff cover, which 
In places lies hundreds of meters thick 
(see Fig. 173, page 448), in others only a 
few meters or still less, and In still 
other places it has been completely washed 
away. (2) The older rocks which have been 
again exposed to the light of day. (3) 
Volcanic products younger than the llparltlc 
cover, where these products have subsequent- 
ly been spread out on top of the llparltes 
or have been built up Into a number of young 
volcanoes, of which the Slnaboeng Is the 
youngest and most striking example. 

As to the older rocks referred to 
under (2) these are to be found especially 
In the northwest. In the eastern part of 
the Vllhelmlna mountains, as well as the 
old (Permocarbonlferous ) sedimentary rocks 
which have been extensively exposed In parts 
of the Heutsz mountains. There are slates 
with a more or less silky luster and sand- 
stones, both coarser and finer, more or 
less quartzltic. Limestone Is In the back- 
ground though It Is more In the foreground 
In the Heutsz mountains. Also here >and 
there a little granite Is exposed. 

More to the east along the northern 
edge of Toba lake these rocks are first 
Invisible, covered by the llparltlc tuffs. 

At Prapat, however, they just begin to 
appear again and then In the Slmanoek moun- 
tains and their outliers toward the east 
these older rocks stick out above the llpa- 
rlte. Occasionally remains of the cover 
still lie In basins and valleys, to approxi- 
mately as far as the Blla river. 


36 . In this case a "geological Instant" la meant which might have been but a few houi'S, or some years or 
oven a much longer time. 

59 . Cf. H. Drulf, Ini. geol. Dell, Meded. Dellprofet. 75 (1952), P- 95- 

^9. Cf.; J, Zwlerzyckl,- Tool. geol. overz. kaart N. 0. I., bl. I, Jb. Mljnv. (1919), Vorh. I, p. 26 and 

29 ( 1922 ). 

'•I- According to what Dr. Drulf told mo verbally, though thle la different lYom what Zwlerzyckl'a map 
gives. 
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Photo by Tassllo Adam 


Fig. 175. Bluffs to the southwest of the Toba Lake. From somewhat 
below the summit of the tuff walls which are about JOO m. high, there 
flow out clear brook^. These are fed by the rain water which had 
percolated down through the petrous llparltlc soil to the cemented 
layer. In the distant portion of the plain Is sandy colluvium; In 
the foreground Is loamy alluvium, with many villages and paddles. 

On the slopes no cultivation* 


As contrasted with their composi- 
tion In the mountains of Atjeh, these 
older sedimentary rocks are lacking In (Jla- 
base tuffs. The pre-llparltlc landscape 
also appears to have had a number of young- 
er volcanoes, the peaks of which stick out 
above the llparlte cover, both on the Karo- 
Batak plateau and on the Toba plateau. In 
addition It must apparently he accepted for 
other volcanoes that the time of their ac- 
tivity was more or leas simultaneous with 
that of the great ll-parlte eruptions. And 
finally there are volcanoes irtilch have been 
active more especially subsequent to these 
llparlte eruptions and so have covered 
over the llparltlc tuff with their ejecta. 

This last certainly applies to the 
Slnaboeng and various other volcanoes of 
the northern edge of the Karo Lands, lying 
toward Dell and Langkat, as well as to the 
Loeboek Raja In the south.— Regarding the 


0.“® Saoet, the D. Nagodang, the D. Mertlm- 
bang and D. Sltarlndak It Is uncertain 
whether they belong to this group, which 
was already erupting altematlngly with the 
great llparlte eruptions and even still 
later. The same Is thought to be true of 
the D. Plso-Plso and the Slnggalang, to the 
north of Toba lake. But the row of volcan- 
oes: D. Batoe Harang, D. Imoen and D. Slba- 
dak, as well the D. Tolong and the D. Pa- 
mlndl, all lying on (or should we say In 
the Toba Plateau, Impress one very strongly 
that they’ were burled by the llparltlc 
tuff after they had become extinct. 

It Is clear that only Important 
eruptions after the great llparlte catastro- 
phe can be of significance In soil forma- 
tion. For of course only younger vqlcanoes 
can spread out their products as new paren 
material for soil formation on top of the 
llparltlc (tuffs). And although Volz, 


i(g "p" Id «hhriiTlatlon for "dolok" (Batak) • Mountain). 
45 . W. Tolz, Hord-Sumatra, I, Die Bataklander (Berlin, *909)* 
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and also Bucking^ collected and had 
analyzed basic igneous rocks from the foot 
of the Plso-Piso and Slnggalang, It Is 
really of no consequence for us to con- 
sider these analyses, since these rocks 
are to be met with only In very restricted 
localities, for example on the steep 
slopes near the Toba lake. Hence they 
play no role on the upper surface as a 
whole. Of the rocks of the Loeboek Raja 
which have given rise to younger coverings 
of considerable extent, I have not been 
able to find any rock analyses In the lit- 
erature. Also of rocks of the young vol- 
canic complex In the northwest which Is 
responsible for the present day soils of 
Dell, Langkat and Serdang, astonishingly 
few analyses have been made. From the D. 
Slralllr, the C. Pertjlbalan and the D. 31- 
matjlk, for example, we find nothing; and 
even from the volcanoes D. Palpalan, 31ba- 
jak, Baros, Tlnaroh, Meroebal and perhaps 
atm others, distressingly little. Prom 
the D. Palpalan we have one analysis of 
propylltlzed blotlte-hornblende-andeslte 
(Table 18, page 30 under heading V.)-- 
Found on this same mountain 3tegmann^®also 
mentions ’’quartz -containing hornblende an- 
desite” and a "quartz propylite,” but he 
gives no analyses of them. Then a couple 
of cobble stones, sampled by Volz, one a 
propylltlzed hornblende daclte from the 
Lau Soelkam river and the same kind of 
hornblende andesite from the Lau Toekam 
river, both of which streams empty into 
the Wampoe. Afterwards a few blotite- 
containing hornblende andesites from Soemho- 
Ikan pass to the west of the 31bajak, how- 
ever, without chemical analyses so that we 
have no way of knowing whether these really 
belong to the Slbajak, rather than to 
either one of the other volcanoes Pert- 
jlbalan or Slmatjlk. Prom the Boeloe- 
Wlpas pass, to the east of the Slbajak, 
Stegmann records also a biotlte-hornblende- 
e-ndeslte and a "quartz trachyte andesite" 
(see Table l8) but no analyses are given. 

is uncertain whether these rocks have 
Really come from the Slbajak or from the 


D. Baros, or from somewhere else. Only 
one sample, a blotlte-containlng horn- 
blende andesite (with analysis on page 
44l), Is definitely recorded as coming 
from the Slbajak. 

There have also been described a 
(metamorphosed) hornblende andesite and a 
metamorphosed pyroxene andesite from the 
Koeta Bajoe pass which Is on the present 
day highway between Bangoenpoerba and 
Serlboedolok. But also In this case we 
do not know whether the samples belong to 
the D. Slmatjlk or really to the D. Baroe- 
bal. 

Regarding the youngest volcano, the 
Slnaboeng (see Pigs. 174 and 173, page 450), 
there Is no need for us to be In doubt. 

This erupted only andesite (analyses: see 
Table l8, page 30l). 

Meanwhile from all these .uncertain- 
ties we can make out one thing: the complex 
of volcanoes referred to most probably 
erupted both quartz -containing dacltes and 
quartz-free andesites. Drulf^ however 
mentions only dacltes, and then regarding 
the material which Is scattered near Dell 
etc., he says: "Presumably first one and 
then the other, ash and dacltlc tuff, came 
from one complex of younger volcanoes, to 
which perhaps the present day ruins of the 
Slbajak may also be considered to belong, 
and that is just about all that we can say 
about Itl" 

But with that Inadequate evidence, 
however, we can hardly let the matter rest. 

A detailed survey of the entire border 
mountains between Dell and the neighboring 
regions in the north and the Batak plateau 
in the south, followed by an extensive 
series of mineraloglcal and chemical an- 
alyses of rocks most certainly are a neces- 
sity which ought to be carried out as soon 
as possible. 

Just a few words about the llparlte, 
or quartz trachyte, as the rock was earlier 
more often called. In 1892 Wing Easton^® 
studying In the field differentiated geo- 
graphically and petrographlcally two quartz 
trachytes, an older and a younger. 


• H, BUcklng, Qcol. N. ©n 0. -Sumatra, Samnil. Gaol. R. Mus. Leiden, VTII (1912), p» 1-101. 

H. Stagmann, N. Jb. Min. etc., Bell. Bd., XIVII (1909), P- ‘*01-!»59. 

Neither the Soembo Ikan pees nor the Boeloe Hlpas pees, looalltlee apparently ascribed by Volz to 
Stogmann, are to be found on any of the newer naps; not even on Volz's own map. 
a-ulf, 1^., p. 98. 

N. wing Easton, Oeol. vork. Toba-landen, Jb. Mljnw. (1894), Wet. Ged., p. 99-163* 




Photo by L. Ph. de Busey 

Fig. 17^1. Hummocky topography of the tuffs on the Karo-Batak pla- 
teau. In the foreground cogon (imperata ), then an upland rice field 
with scarecrows, then again cogon on the knolls beyond; In the ex- 
treme distance Is Mt. Slnaboeng. 



Photo by Taesllo Adam 

Fig. 175. Slnaboeng volcano in the Batak Plateau. Top bare; in a 
crevice are solfataraa. Lower, a tropical high forest zone; below 
that the forest has been kalflglned off, and Is now a cogonal. Still 
lower are villages, hid in an abundance of trees. In the foreground 
are paddles. (See p. 456*) 




BATAK, SUMATRA— DIVERSITY OF TUFFS 


451 


According to analyses by Vermaes/^ the 
silicic acid content of the "older" type 
varies between 68.79^ and 72.09^ SIO2 and 
that of the younger between 71 *32^ and 
77.99^. However the mlneraloglcal analysis 
of Retgers'^^ relating to these samples, 
throws no light on the matter; he does not 
refer to the above-mentioned differentia- 
tion. Also Drulf, In his frequently 
referred-to paper, although he certainly 
differentiated three sorts of daclte, men- 
tions only one kind of llparlte and llpa> 
rltic tuffs. It occurs to me that a study 
similar to that carried out by Verbeek 
and Retgers^^ on the Krakatau ash, If ap- 
plied to this llparlte material collected 
from widely distributed localities, would 
perhaps supply much Interesting data In 
connection with the Important cultivated 
and plantation crops which are grown on 
the llparltlc soils. 

Especially quantitative determina- 
tions of the mutual relationships of the 
principal minerals: quartz, sanldlne, 
plagloclase, mica, green and brown horn- 
blende, hypers thene, apatite and glass, 
and the chemical analysis of these sepa- 
rate minerals would perhaps give very valu- 
able results. If no earlier opportunity 
arises then perhaps when the "mapping of 
Sumatra" Is undertaken In the direction of 
Tapanoell and Sumatra’s East Coast, all of 
the here-mentioned desires may be ful- 
filled. 

There Is still one questions which 
I3 pending or at least not yet clearly 
settled, namely: While we learn from the 
work of Drulf how far the loose eruptlves 
from the above-referred-to complex of vol- 
canoes, younger than the llparlte, extend 
out toward the north, (and the mapping 
vhlch he now has In progress will throw 
sufficient light on that) yet we still do 
uot know how far the younger and youngest 
Coverings extend out toward the south. 

In 1892 Wing Easton had not been 
there. Volz sketched the limits of the 
andesitic and llparltlc tuff cover "quite 


schematically"!'^ approximately along the 
Lau Blang. Zwlerzyckl, on the contrary, 
seems to have been of the opinion that the 
limit was much more to the north, lying 
against the volcanoes, thus considering 
the entire plateau llparltlc. So It Is to 
be read on his map,^^ and In his explana- 
tion we flnd:^^ "The last eruption of the 
Slbajak and the Slnaboeng have produced 
andesitic rocks," a statement which we 
might paraphrase as follows: thus no ash 
and no lahars, at least not toward the 
south. --Schiirmann, however, again con- 
firmed the opinion of Volz In the following 
words: "Toward the south the Slba jak-Slna- 
boeng cover of tuff spreads out, which 
gradually becomes thinner to as far as the 
road between Kabandjahe and Kandlbata at 
the bridge over the Lau Blang." Thus Bra- 
stagl and Its surroundings most probably 
lie upon a strip of weathered andesitic 
or at most dacltlc tuffs running east and 
west. Bui: It Is also possible that the 
older llparltlc tuff cover was also to an 
Important extent already cut Into by gully 
erosion, so that when the younger eruptions 
occurred, lahars of a more andesitic nature 
filled up the previously formed valleys and 
only to a minor extent flowed outside of 
them. In short, quite a number of points 
about this region still remain to be In- 
vestigated. 

This Is also true of the plain of 
Slllndoeng and environs, where the limits 
of llparltlc and andesitic parent material 
have been only "schematically" designated. 


Climate 

The Batak Lands are high, not only 
here and there In peaks and ridges such 
as the mountains of Atjeh; the entire 
Batak region has an elevation of between 
900 and 1,‘)00 to 1,800 m. with occasional 
peaks sticking up still much higher, to as 
high as 2,400 m. Consequently the tempera- 
ture though warm. Is but seldom hot. As a 


S. J. Vermes, In the above mentioned treatjuent by Wing Easton: p. 159* 

J. W. Retgers, Llparleten van Toba, Jb. Mljnw. (l895)^ Wot. God., pp. 99-10?. 

Seopp. 22-25 of this book. 

W. Volz, Die Bataklander (1909), P* 389* 

55 . J. Zwlerzyckl, Geol. Overz. kaart N. 0. I., Arch. 1:1,000,000, bl. I. 

5''- Idem, Toellchtlng, Jt. Mljnw. (1919), Verb. I (1922), p. 71- 

55' H. M. E. Sohurnmn, Oed. not. Betaklanden, De Ml Jnlngonleur, 1^ (19}0), PP- 197-200. 



452 


THE SOILS OP EQUATORIAL REGIONS 


whole the climate I 3 rather temperate to 
cool. Regarding the climate of these re- 
gions Braak^^ records various particulars: 
"Keeping in mind the fact that for each 
100 m. difference In elevation the tempera- 
ture changes approximately 0,6°C, we may 
take It for granted that the observations 
relating to the temperature, moisture and 
sunshine, which have been made at Serl- 
boedolok (l460 m. elevation) will In gen- 
eral apply to the entire Karo and Toba 
plateaus"; and then he adds the following 
figures: 

o 

air temperature at night, about I 5 
" •’ at midday, " 21° 

dally average 17*4 

On the shores of the lake the dally average 
Is about 20°. But at 2,000 m. elevation 
however It Is only l4°C. Although no soil 
temperatures have been obtained directly 
on the plateau we may safely state that 
since the yegetatlon consists largely of 
cogon ( imperata spp.) and ferns, because 
there Is almost no forest, the soil temper- 
ature throughout the year will average a 
good 5°C higher than the air temperature 
to a depth of about 1 m. It will thus 
average about 20°C. Under cogon grass near 
the lake shore the soil temperature will 
rise to 22° or 25°; while under forest at 
2,000 m. It will average around l4°. 

During the night the relative humid- 
ity of the air regularly rises to about 
985 ^, so that there Is much fog, biit during 
the day the humidity falls to about 
though that also Is but for a short time. 
With fiercely dry winds the figure can 
drop to although this Is an extreme. 

In general It Is not nearly so dry. --It 
rains (see Tables 91, 92) the whole year 
round with a barely perceptible relatively 
dry or rather a relatively less rainy 
period. Indeed, the rain does not fall In 
very heavy showers, rather it rains very 
frequently. There Is also much drizzling 
rain. Consequently the total annual pre- 
cipitation remains mostly under 2 m. rela- 
tively much of which can penetrate into 
the ground. The very porous llparltlc tuff 


also gives every opportunity for this. 
After the rain, however, the surface soil, 
In so far as this carries no forest, dries 
out quite rapidly. 


Veatherliig Processes and 
Resulting Soil Types 

Let us begin with the most Important 
parent material, the llparltlc tuff . As to 
Its mineral composition we must presumably 
make some differentiation quantitatively, 
although qualitatively, that Is to say, 
according to the nature of the minerals, 
the composition Is apparently everywhere 
approximately the same. It Is then a ques- 
tion as to whether, besides the crystals 
of quartz, sanldlne, plagloclase, mica and 
hornblende, there Is much or little volcanic 
glass and whether this occurs as fine por- 
ous pumice stone and also as fine ash, or 
rather as coarser, compact fragments of 
glass. Of course the pumice stone and fine 
ash weather much farther and much more 
easily than all other constituents, and 
so are the first to bring about the condi- 
tions making it possible for vegetation to 
develop on the soil. Taking It as a whole* 
In proportion to the compact crystals and 
glass fragments the content of rapidly 
weathering ash and pumice stone Is rela- 
tively large. But It would Indeed be very 
surprising. If with these eruptions of 
llparlte something similar had not occurred* 
as with other eruptions such as, for exam- 
ple, those which In the last century from 
beginning to end were observed by man, 
from which It was learned that the fragmen- 
tary ejecta, which fell close by the point 
of eruption were heavier and coarser while 
at greater distances there were smaller 
and smaller proportions of the coarser and 
the specifically heavier parts of It.*" 

Also after the Kloet e^ption of 1919 White 
and I^® established the same relationships- 
At the same time, as appears from the 
analyses, we found that the ast;i which had 
fallen at a greater distance must have had 
a larger content of fine glass particles - 

If a similar sorting by the air had 


56 . C. Braak, Him. v. Ned. -Indie II (l929), pp. 65-73. 

57 . See p. 25 (Erakatau ash) and pp. 36-57 (Kloet ash). 

58 . E. C. J. Mohr and J. Th. White, I 0 Verg. Yereen. Pr. et. person. (Bultenzorg, Mel 1920), pp. 73-*99 

(1921). 
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al 30 occurred here, then here also llpa- 
rltlc ash with a greater proportion of 
coarser crystals must have fallen nearest 
to the points of eruption, thus close 
around and close to Toba lake and still 
today to be detected on the periphery. 

At least In so far as mud flows (lahars) 
and rivers have not confused the picture I 
This last they have not done, or at least 
have done much less In those portions which 
were beyond or scarcely within the reach 
of such lahars or rivers coming from the 
nearest surroundings of the Toba lake, 
such as places which lay behind higher 
mountains or ridges. For example. It 
occurs to me that the high land of 
Habinsaran lying around the lake peripher- 
ally, l 3 a case In point. In the first 
place, somewhat finer ash settled down 
there, and In the second place no coarser 
ash could be washed onto It as a result of 
erosion elsewhere. It Is still not pos- 
sible to give proof of this, since analyses 
are not available, and not even any re- 
corded observations are at hand. It Is 
only astonishing that the land in Habinsa- 
ran not occupied by the natives Is so much 
richer in forest than that on the plateau 
around the lake and. In so far as It lies 
at the same elevation, this should be an 
Indication that from the beginning the soli 
had had a higher water holding power which 
had also been Intensified by the more rapid 
weathering of the finer ash. But without 
local study we have to be content with this 
vague hypothesis. 

The mlneraologlcal analyses by 
Drulf^® do Indeed give one clue relating 
to the differentiation of the llparltic 
tuffs. The very heavy minerals magnetite, 
llmenlte, amphlbole and even blotite are 
notably more abundant In the samples 
from Prapat, Slplge (near Ballge), along 
the Dalrl highway and between Wampoe and 
Bohorok, than In all other samples, for 
the greater part coming from Dell or 3er- 
dang. The first three localities are close 
to the lake, the fourth Is on the Wampoe 
River which, like the Lau Blang, has Its 
source equally close to the Toba lake. 

It appears by no means to be precluded 
that quantitive analyses of the llparltic 
tuffs, carried out further as to the nature 
of the minerals, the grain size and the 




composition would Indeed give information 
of Importance regarding weathering, and 
other matters. 

As to the formation of soils from 
these llparltic tuffs, in the first place 
they facilitate this in that they are highly 
pervious. In the relatively cool climate 
of the Plateau, with no excessive rainfall 
but yet also without a severe dry season 
(Table 91, page 422), the weathering is 
predominantly a subaerial slow leaching, 
resulting in a pale brown to yellow, sandy 
lixivium which might also be called a 
loamy coarse sand if the sand content is 
quite high, though this Is seldom the case. 

Where there is no forest, severe 
erosion occurs, hence there Is not much 
opportunity in such places for the further 
weathering stages, for senile lixivium. 

Between the heavy showers of rain 
the surface soil dries out easily. Then 
when a shower does come, It beats loose 
from the pumice stone gravel the fine 
loamy and clayey constituents, the products 
of weathering which are washed either down- 
wards into the subsoil, or away over the 
surface with the flowing water. They are 
washed toward the rivers, which transport 
the eroded material toward the lower flat 
places around the lake, or by the Wariipoe, 
the Lau Renoen, the Batang Toroe or the 
Slraeloengoen rivers toward the lowland and 
the sea. In this way the soil tends to 
become continually sandier, at least so 
long as it remains quite flat. On slopes, 
however, the sand also erodes off and has 
even more or less of a scouring action 
where it rubs over the surface of the soll-- 
surface or sheet erosion in the optimal 
form. If the flowing water gathers into a 
slight depression, then gully erosion pre- 
dominates (see Figs. 12, 13 , pages U't, 176) . 
This becomes more severe as deeper, less 
weathered and looser layers of tuff are 
cut into. As a consequence deep ravines 
or even canyons with vertical walls de- 
velop, which then thoroughly drain all the 
land in their neighborhood which lies higher 
than their bed, so that in the relatively 
flat land soil on the top between the ra- 
vines the previous favorable conditions for 
luxuriant vegetation decrease very greatly. 
All along the edges of the ravines the 
vegetation languishes or dies and 


59. J. H. Drulf, Bull. ^2 Dollproefst 


. (193**), ^ opposite p. 56. 
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Photo by L. Ph. de Bussy 

Fig. 176. Tuff wall near tan. 120 along the road between Kaban DJahe 
and Lau Balang, on the Karo-Batalc plateau. Shows the strong gully 
erosion. Above only cogonal vegetation. 


particularly where this happens the banks 
fall a prey to erosion and the whole land- 
scape seems to take on a more or less bom- 
barded appearance (see Pig. 174, page 450) 
Already It has been mentioned that 
on a tuff with more fine material a brown- 
ish yellow lixivium soil with a high water 
capacity develops. In this case the vege- 
tation Is able to endure. A high forest 
grows up; surface erosion gets less of a 
chance, but still the superfluous water 
from outside must get away and there Is 
certainly opportunity for gully erosion 
(see Pig. 177 , page 455). Consequently 
one finds the deepest canyons with the 
steepest walls In the forest tracts. Then 
If the forest be cut down and replaced by 
low crops, the widening of the gully Is 
Inevitable. Simultaneously the previously 
crystal clear water of the forest brooks 


and rivers becomes turbid, with beige to 
brown tints. 

Although the climatological condi- 
tions for humus formation are relatively 
favorable, still as a whole the amount of 
humus which accumulates on and in this soil 
type Is hardly considerable. Where the 
soil Is very sandy and Is very pervious, 
some of the fine humus fragments wash down 
In with clay and other fine materials 
toward deeper layers; as a consequence of 
this. In the profile of such a soil a 
rather uniformly dark color extends down 
to a depth of I /2 to 3 A m. but since the 
conditions for the breaking down of humus 
are particularly favorable, the humus con- 
tent remains low. If the soil is somewhat 
richer in fine constituents (the tuff 
haying had a larger proportion of pumice 
stone and fine ash) then this washing In 
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Fig, 177. The Bloemol river george In Upper Serdang. Steep and 
deep canyon cut In the tuff; from time to time the walls cave off 
into the river. VHien the tropical high forest is felled the walls 
and the surface soil erode away. 


is less pronounced and the humus coloring 
is but 1/5 m. or less thick, yet of a more 
intense color almost a black. This Is 
especially true under a vegetation of cogon 
and ferns. One should, however, not forget 
that this black tint makes more of an Im- 
pression upon the eye than it actually 
signifies. Earlier when referring to Atjeh 
(page 429) mention was made of the Intense 
hlack residue left behind In the soli by 
certain plant associations, a residue which 
vaa really not such beautiful humus as one 
vould suppose If judging only by the 
color. 

In addition to the decomposition of 
^^ganlc matter and washing of humus down 


Into the soil, there Is also still another 
reason which limits the accumulation of 
humus; namely, erosion, through which much 
humus from the surface Is carried over the 
surface toward lower less steep lands and 
there spread out again. As the result of 
such a phenomenon, sometimes there Is an 
astonishingly thick and intensively col- 
ored humus layer In somewhat broader, flat 
little mountain valleys. Nevertheless 
this occurs only as an Intermediate stage. 
In a few years or even In a much shorter 
time this accumulation may again be washed 
away, or It may decompose. 

It may appear surprising at first 
sight, yet there develops on the llparltlc 


Suoh kinds of soil with a mialaadlng black surface soil the Germans call "Blender” meaning blinders. 



436 


THE SOILS OF EQUATORIAL REGIONS 


tuff also quite another soil type than the 
brownish yellow lixivium.. In the Dalrl 
lands, along the southwestern side of the 
Toba lake, the terrain gradually slopes up 
from the valley of the Lau Renoen to a 
quite broad ridge of 1,700-2,000 m. eleva- 
tion, still entirely covered with tropical 
high forest. The climate there Is extra- 
ordinarily moist. It Is true the raln®^ 
does not fall in excessively heavy down- 
pours but rather very frequently, through- 
out the whole year; a great deal of the 
time it drizzles. In spite of the greater 
elevation the leaching Is Intense. On 
the other hand the decomposition of humus 
Is slowed down, both by the low temperature, 
and because through the leaching the lixi- 
vium becomes much more sour and the pH 
falls. Thus an accumulation of humus, l.e. 
peat, can come about. There Is also an- 
other contributing factor to this result, 
namely that as soon as once through the 
leaching the pH has fallen to below 4.5, 
the Iron becomes moveable and goes on out 
with the percolating water and so the clay 
remaining behind also becomes paler and 
less and less pervious, finally quite Im- 
pervious. The brown peat water can no 
longer percolate down through the soil, so 
there develops a marsh peat formation at a 
high altitude characterized especially by 
Pandanus vegetation. A couple of species 
of Podocarpus also occur In the tropical 
high forest adjacent to such peaty ter- 
rains. These trees which are Indicator 
plants of such extremely Impoverished 
soils, have tall trunks with thin, gnarled 
crowns . 

The noteworthy feature of these 
soils, which may be found In somewhat 
earlier stages as well as In the virile 
stage of yellowish brown llparltlc lixivium. 
Is the astonishing low content of calcium 
and magnesium while, In general the potas- 
sium content except In a thin layer of 
very humous surface soil Is just as low, 
and the phosphorus content Is also on the 
low side. Thanks to the untouched tropical 
high forest, humus and nitrogen are In- 
deed present In considerable quantities, 
still no one can call this soil type 


fertile. This Is confirmed by the fact 
that these forested lands, although so 
close to the relatively thickly populated 
Batak Lands, are never cleared. 


* * * * # 


Most of the other parent materials 
of the soils of the Batak Lands play no 
Important role as soil formers. Only the 
more basic young eruptlves, daclte, ande- 
site and basalt deserve separate attention. 
On the northern side of the Karo plateau 
these eruptlves, as the youngest geological 
formation, have covered over the llparltlc 
tuff. Most of these eruptlves have now 
weathered to a young juvenile yellowish 
brown lixivium but there are also some 
portions already in the virile to almost 
senile stage. No longer la much forest to 
be found on the lower and flatter parts. 
Actually there la a much larger proportion 
of cogon ( imperata app.) and ferns, although 
there Is also much cultivated land, a point 
to which we will refer later. 

Also on and around the foot of the 
Slnaboeng Is found a brownish yellow lixi- 
vium, which differs from the similar llpa- 
rltlc lixivium through the absence of 
quartz, sanldlne, and plagloclase crystals, 
the last of which are on the sodlum-rlch 
side. But on the other hand this soli con- 
tains many crystals of calclum-rlch plaglo- 
claae, besides auglte and hornblende, as 
well as Iron ore. In short — the particular 
constituents which are abundant In the 
basic eruptlves. Where the water relation- 
ships make It at all possible, this soil 
type Is cleared and used for agriculture. 

In general. It Is more fertile than the 
soil on the llparltlc tuff, because It not 
only contains more plant nutrient materials, 
but also because of a greater water capacity 
the roots have more opportunity to profit 
from thera.®"^ (Sae Fig. 175, page 450.) 

Neither on nor around the Slnggalang 
nor the Plso-Plso, nor around the andesitic 
peaks of the Toba plateau, aj. ready men- 
tioned (pages 447 , 448), does there occur 


61 . Observations of a few years taken close to the ridge gave figures Indicating an annual average of 
more than 200 rainy days with more than 5 m. rain per year. 

62. Of: H. C. Bongers, Meded. Landb. Voorl, No. 2 (Batavia, 1920), p, 11: “The very fertile group of 
paddles around Pa Jong and Batoe Karang also lie on an old andesitic mud flow froia the Slnaboeng.” 
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any special soil which Is worthy of sepa- 
rate mention. In the plain of Slllndoeng, 
to begin with the plain of Taroetoeng, 
there Is much allochthonous soil which has 
come from llparltlc as well as from ande- 
sitic material. As a rule, at least calcu- 
lated according to the area, because this 
material has originated from erosion 
elsewhere Is of finer texture and thus also 
more retentive of water and more fertile 
than the autochthonous kinds of soils. 

Because both the deeper-lying soil 
material as well as that washed-on are 
still too pervious and the rivers lie In 
ravines which have been cut so deep that 
stagnating water Is practically excluded, 
the above soils hardly ever take on a sub- 
aqueous or amphibian character. Only on 
the highest spots of the Toba plain at 
about 1,350 m. does one come upon some 
swampy and marshy lands with presumably 
acid humus and acid, peaty, brown water. 
Under this beginning of peat formation®^ 
the soli Is of course naturally bleached to 
a sandy, white clay. Thus far however no 
one has studied this locality more closely. 


Evaluation and Utilization 
of the Soils 

Not so strongly as In Atjeh's moun- 
tain land are the mountain slopes here In 
the Batak lands differentiated from the 
flatter parts of the valleys. But still we 
niay quite well say that In the regions 
under consideration all lower, flatter por- 
tions of the land are valued significantly 
higher than slopes or plateau land. In 
the first place this Is naturally a ques- 
tion of water, In many places the lower 
lands are Irrigated. Indeed, where^ eyen 
only a little ravine In the Batak Lands 
can be Irrigated, this has been done and 
the Inhabitants have laid out paddles (see 
^tgs. 173 , 175 and I 78 ). But where there 
are too many people In proportion to the 
available, Irrigable land, the Inhabitants 
have also been compelled to cultivate un- 
t^rlgable land, hence there has been and 


still Is a good deal of kalngln cultivation 
(see Fig. 174 , page 450). 

Hence It was that In I 89 O Westen- 
berg^^ wrote as follows about the then 
still independent Batak lands: "While 
some of the 'rice raised Is grown In flooded 
fields, most Is upland rice grown In kaih- 
gins, since the peculiar terrain hardly per- 
mitted the laying out of paddles on the 
soil of the ravines . "--On the contrary Van 
Hasselt, an old resident, wrote In 1893®^ 
a "Note relating to the Cultivation of 
Rice In the Residency of Tapanoell." He 
had apparently tried to make his descrip- 
tion complete In all respects, yet there 
Is not a word about kalnglns. For him, at 
least for the cultivation of rice In the 
Toba lands belonging to Tapanoell, there 
were only paddles. In contrast with this 
Bongers elsewhere states:®® "in the low 
parts of the Karo Plateau, between the 
hills and along the rivers, where material 
washed together" (presumably surface soil 
from higher lands Is referred to) "has more 
or less accumulated, the native of Batak 
carries on his dry rice culture with but 
very moderate results . " This would Imply 
that there are no paddles at all. Here 
must be a misunderstanding. Actually In 
the ravines the rice fields are laid out as 
paddles. In a season of little rain a 
large proportion of them cannot produce a 
crop. But here one cannot expect large 
streams flowing onto the upper fields, 
down through them, and away below, as is 
the case for example In the Preanger or 
Banjoemas, for an annual rainfall of not 
even 2 m. (Table 91# page 422) wllh the 
very pervious soil does not make this possi- 
ble. In a season of less rain these moun- 
tain paddles are dry, but still they do 
have, and also receive from the side slopes, 
always more soil moisture than do the higher 
slopes and ridges. If no more ravine land 
is available, kalnglns .are first laid out 
on these higher slopes and ridges. 

The value of the paddy produced and, 
on the basis of that, of the soli Is Indeed 
very variable. These values may also be 
stated In figures. In which case, however. 


^ 3 . Also Bongora (l. c ., p. 11) pointed out the opportunity for peat formation, though he was referring 
lo the highest parte of the Karo plateau. 

C. J. Wsstenborg, T. v. Ind. T. L. sn V. k. TXHTf (1890) p. 10 of the separate. 

^5- A. C. Van Haseelt, T. v. Ind. T. L. en V. k. XECVI (1895), 31 P- 
B. C, Bongara, 1. o. 
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Photo hy J. M. Baron v. Tuyll v. Serooskerken 

Fig. 178. Llparltlc tuff plateau, east from Lake Toha. Above in the 
distance poor grass vegetation. Sterile broken faces of the cliffs 
(cf. Fig. 18,- p. 138). Alluvial plain fully converted into paddles, 
all planted with young rice plants. 


the elevation and thus the temperature of 
the locality must be kept In mind. Appar- 
ently relating more specifically to Toba 
and Slllndoeng, Van Hasselt^”^ records that 
"Taken as a whole on the best lands the 
production per hectare amounts to 17.5 to 
30 quintals paddy and on poorer lands 8.7 
to 20.2 qu./ha. In one single case from 
one hectare 43.5 quintals were harvested, 
which Is Indeed very unusual. "--Without 
doubt this refers to paddy cultivation. 

For the Pakpak lands Ypes®® men- 
tions "a yield of 40 times the seed paddy 
planted; this cannot be called splendid, 
since according to (their) assessment.... 
at least a 60.fold harvest can be obtained.” 
With the use of 21 kilos per ha. seed paddy 
these figures should come to about 11. 5 to 
17 qu./ha. --But this Is kaihgln rice. 

These kalnglns on tropical high forest land 


can be planted to rice 2 to 4 seasons; 
while on old kalflglns, however, after a 
fallow with a growth of secondary forest, 
at most 2 seasons. Rice growing does not 
pay for longer periods, although other 
crops still do. 

Loose®® cites how "according to 
the returns for 1918, 3,669 ha. In Dalrl 
should produce about metric tons vet 

paddy," which comes to 8,2 quintals per 
hectare, or approximately l4.8 quintals 
paddy per hectare of kalftgln. This agrees 
nicely with the estimate by Ypes, but--l3 
not high. 

In his book "Slmeloengoen” J . Tide- 
man^® records: "Apart from that, under 
normal circumstances the best lands return 
76 -times the seed rate, and the poorest 30 
times, calculated on the basis of hectares 
with approximately 1,500 kg. seed paddy." 


67. A. L. Van Haeselt, 1. 0 ., p. 23. 

68. W. K. H. Ypes, Slngkel en de Pak-pak-landen, T. Ind. T. L. en V. k. XLK (1907), pp; 535-642, espec- 
ially p. 619. 

69. H. Loose, Dalrl, Meded. Alg. Pr. st. Avros, Alg. Ser, No. V, p. 11, 

70. J. Tldeman, Slmeloengoen, (Leiden, 1922), p. 125. 
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In the report of the Agricultural 
Section of the General Experiment Station 
(Bultenzorg) for 1927 ve find the follow- 
ing summary statement: 


Here also phosphorus appears to be 
deficient. But when one quintal per hec- 
tare double superphosphate has been ap- 
plied, another factor then seems to be In 


Table % 


Region 

Village 

Method of 

Cultivation 

Yields of \ 

Without 

Fertilizer 

fet Paddy 

With .87 Quintal 
Double Superphos- 
phate per Ha. 




quintals per Ha. 

quintals per Ha. 

Toba Plateau 

Slboentoean 

Kalngln 

14.8 

18.3 



unfertilized 



Toba Plateau 

Bahais Ingkam 

Lowland paddy, 

19.15 

50.3 



irrigated 





unfertilized 



Sllindoeng 

Hoeta barat 

Lowland paddy, 

27.9 

3^.8 



irrigated 





unfertilized 



Angkola and 

Bandar 

Lowland paddy, 

28.7 

3^*9 

Slplrok 

Sapoelooh 

Irrigated 





ujifer till zed 




Here we see the much larger yield 
from paddles than from kalnglns, and at the 
same time It Is apparent that the sedimen- 
tary, allochthonous llparltlc land of the 
two last villages Is clearly more* fertile 
than the autochthonous soil. As shown In 
the last column of the above table fertil- 
izing with 0.87 quintal double superphos- 
phate per hectar (l picul per bouw) mark- 
edly Increased the yields, making apparent 
the large phosphorus requirement of these 
llparltlc soils. 

In 1929 similar yields were ob- 
tained In an experiment at Salt nl Hoeta, 
aubdlstrlct Dolok Sanggoel, which Is on 
the Toba plateau: 


the minimum, for adding I/2 quintal/ha. 
more does not significantly increase the 
yield. Perhaps it is really the tempera- 
ture, which may be too low at this eleva- 
tion of around 1,400 m. above the sea. 

If that be so, then all attempts to still 
further Increase the productivity of the 
soli by means of additional fertilizers 
a priori , without avail. 

Data for the years after 1929 un- 
fortunately have not yet been published. 

It is therefore only an unconfirmed im- 
pression of mine and nothing more definite 
than taking soil and climate Into consid- 
eration, besides a relatively modest phos- 
phorus fertilization, that there is not so 


Yield of Paddy 
quintals per hectai'e 


Kalngln 

II 

II 


cultivation method — unfertl llzed 

•» ” — 1/2 quintals double superphosphate. 

II It q ” " ’* 

" -1 1/2 " 


l‘i.6 

20.8 

23.2 

24.1 


I>opt. L. H. H., Afd. Lb., Vsrel. over 1927 , PP- 4 o 8 - 4 lO. 
Dspt. L. H. H., Afd. Lb., Versl. over 1929 , p. 270 . 
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very much else which can he done to improve 
the Batak rice culture, and that the yield 
can he considered to he quite reasonable. 
That at these elevations of 900 to 1,400 m. 
still such good yields are obtained, is 
certainly to a considerable extent also to 
he ascribed to the relatively low rainfall 
figures (Table 91, page 422). At similar 
elevations on the outer slopes of the 
Barlsan chain it rains heavily so that the 
soils there are to a high degree leached 
out. Hence the harvests are so much lover 
that there kalnglns are scarcely ever made, 
so that the forest is allowed to remain un- 
destroyed. 


# # * * # 


If rice is in general the principal 
crop, a number of other crops are also 
raised as foods and supplementary foods. 

The exacting European vegetables and po- 
tatoes deserve especial mention. From a 
paper by Bange*^^ regarding the cultivation 
of cabbages on the Karo plateau, we note 
that the cultivation of this crop, which 
is carried on more or less along the high- 
way toward Medan, is limited to the good 
soils of the Llngga region in the northern 
part of the Karo plateau: Tongkeh, Petjer- 
en, Keling, and Radjapajoeng, all mentioned 
as centers of production, lie around Bra- 
stagl on andesitic mountain lixivium, very 
close to the G. Sibajak; while Pajoeng 
and Goeroe Klnanjan, of which it is said 
that "the soils are particularly excellent,' 
lie on the foot of the Slnaboeng and these 
also are on more basic parent rocks. The 
Baros and Soeka regions, for a large part 
on liparltlc tuff, have "a potato cultiva- 
tion of limited extent and there cabbage 
is hardly planted at' all," Still more 
southerly and westerly, thus on liparltlc 
tuff and perhaps also on residual or al- 
lochthonous soil of the old Wilhemlna moun- 
tains (schists, granite), "the Sarlnembah 
and Kota Boeloeh regions are on tracts of 
little significance for agriculture and 


gardening." Here the connection between 
vegetable cultivation and soil (parent 
rockj is very striking. 

Bongers^** observed a similar rela- 
tionship "here and there on the southern 
limits of the Karo lands, the Wllhelraina 
mountains, are found primary granitic 
soils --and it is typical that the most 
delicious oranges are raised on these 
lands . " 

Bongers pointed out this relation- 
ship, but made no attempt at an explana- 
tion. Such an explanation will probably 
involve all kinds of studies, both of the 
soil and of the fruit trees. Here only a 
suggestion may be given. This case remlnda 
us of the differences in flavor of various 
wines from a single ^arge wine district, 
lying somewhere in France or on the Rhine. 
The localities are sometimes so restricted 
that the difference can hardly be caused 
by variations in the climate. Thus appar- 
ently in some way or another it must be due 
to the soil. It is of course possible that 
variations in the quantitative relationshlus 
of the most important plant food substanco3: 
N, P, K, Ca, Mg, Si, S, and Cl play an Im- 
portant role. Also the water relationships 
of the plants. But it is not impossible 
that the trace elements, of which only very 
small amounts occur in the plant, are of 
significance here. We think for example 
of Fe, Mn, Cu, Ba, Mo, Bo, F, Va and perhaps 
still others. Without closer study who can 
have an opinion as to the effect of these 
elements? Regarding some of these elements 
which are only to be found afterwards in 
traces in the ash, we now already know that 
in their complete absence many plants can- 
not grow and thrive. But neither can ve 
say that all these elements even in traces 
must have a favorable effect; perhaps In 
part they are indeed definitely detrimental 
And then there is still the question as to 
what influence they have on the enemies of 
our cultivated plants, on the bacteria, 
fungi and the various animal pests? Who 
knows what future research will give notabl 
results in this field? However, it is in- 
deed certain that many soil researches anj . 


75- J. A. Bange, Landbouw, II (1927), 627-644. 
74. Bongara, 1. c ., p. 12. 
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analyses of earlier times vere conceived 
ln much too simple a manner , w© now realize 
the y are vorthlesa and must be replaced and 
amplified by nev and more refined lines of 
research * 


Finally a few words about the 
cultivation of coffee and tea * While we 
find coffee in different places in the 
Batak Lands, for example in Central and 
Southern Hablnsaran, there is not much 
of it* Yet the Slplrok coffee is known to 
be of good quality. Taking into considera- 
tion the relatively rain-poor climate in a 
number of places, it would seem that more 
coffee, especially C* Arablca , could be 
cultivated. 

In Slm©loengoen--about which more 
In a subsequent chapter when we come to 
Sumatra’s East Coa3t--the cultivation of 
tea on llparitlc tuff soils is very exten- 
sive. Great plans have been cherished for 
the extension of this crop into the Dalrl 
lands at elevations between 1,200 and 1,700 
m. From the previously recorded data 
(pages 433-456) it is apparent that the 
llparitlc tuff soil is not equally suitable 
for this crop* The soil must be adequately 
weathered in order to be able to guarantee 
an adequate supply of water to the tea 
bushes* Thus it must not be too sandy. 

But in the lower zone between 1,200 and 

l, 400 m. there is more land than already 
has been taken up by the inhabitants. In 
the higher zone above 1,600 m*, however, 
there exists the danger of a bleaching of 
the soil through more or less peaty water, 
vlth the result that the soil will become 
more difficultly pervious and consequently 
there will be a stagnation of the water 
movement* The optimum conditions thus 

lie between elevations of 1,400 and 1,600 

m. But there it la only moderately pos- 
sible to overcome the difficulties of the 
terrain, in particular the numerous canyon- 
llke cuts, and then only during times of 
high prices for the crop. Extensive, 
Plantable, relatively flat lands, as in 
Slantar, are not found here. It is true 
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that lower down there is suitable terrain 
but there, as previously stated, too many 
people have settled upon the land* 

* * * # * 


4. THE COASTAL STRIP ARD HILLY LAND 
FROM TAMIANG TO BILAH-- 
THE AGRICULTURAL REGION OF 
SUMATRA’S EAST COAST 

The reason that on Sumatra's East 
Coast, in contrast with most of the other 
portions of the Netherlands Indies outside 
of Java, a number of economically very im- 
portant crops are cultivated is to be 
ascribed to the fact that in this region 
more and earlier attention was given to 
the soil and the soil -forming rocks, and 
researches were carried out dealing with 
these questions. At quite an early period, 
that is to say a half century ago, a start 
was made with these. First incidentally 
and exploratory, in a broad way* After 
that quite thorough research was conducted 
although according to different systems. 
Eventually the general knowledge of the 
soil was distinctly furthered. 

To even briefly summarize all these 
investigations would exceed the compass of 
this book* But even a short statement is 
unnecessary since at the end of his latest 
publication Drulf has given an extensive 
survey of the literature. In this he has 
included more than 100 titles which deal 
more or less directly with the soils of 
Sumatra's East Coast. However, it is 
desirable to here Indicate the broad lines 
along which this knowledge has developed. 

Let us begin with the samples of 
tobacco soils from Dell which were studied 
according to the methods employed in Europe 
(van Bemmelen (1890), Van Bljlert (l897- 
1900))* Hlssink made a first attempt (l90l) 
to map the soils of the tobacco districts. 

He studied the soil samples of his experi- 
mental fields entirely according to the 
methods of the previous century, which to 
us at present appear quite inadequate and 
consequently of little value. Vrlens and 
Tijmstra likewise employed similar methods 


li. Weber, Meded. Encycl. Bur. 1914, HI? P* 

J. H* Drulf, Bodera van Doll, II, Bull. Dellproefat., ^ (1934), PP- 


160-187. 
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of research. The many data obtained were 
empirically worked up statistically and 
published (1907-1912), but from them It did 
not seem to be possible to deduce anything 
of Importance or get any real Insight Into 
the true nature of the soil differences. 
Thereafter It was otherwise. The Investi- 
gators then began to realize that In Su- 
matrans East Coast are a number of dis- 
tinctly different soil types, not only 
different as regards certain numerical 
values to be obtained from analysis, but 
actually different In all respects, so 
that a comparison of the figures resulting 
from analyses could never give a final 
basis for evaluation nor for the agricul- 
tural measures to be employed. From then 
on these soil types became gradually more 
sharply differentiated from each other and 
there was an endeavor to obtain for each 
type the knowledge and Insight necessary 
In order to develop the soil management 
processes and the means to bring these 
about. This transition period from 1913- 
1923 Is covered by the publication of Van 
Heurn (1918-1923), by that of Rutgers 
( 1922 ) and by some of my own papers (l913- 
1919 ). The first one to undertake a study 
according to the soil types of the region 
on a genetic foundation was Oostlngh (l927- 
1928). His work was followed and amplified 
by Drulf, who In several papers has de- 
scribed In detail the genesis of the soil 
types and has done It In such a way that 
upon that foundation further work may be 
built. 

From the general discussion about 
Sumatra (above, page 4l8) the reader has 
already seen that as a whole. In the re- 
gion to be considered here, completely 
residual soil types lying upon solid par- 
ent rocks never do occur. In so far as 
there are residual soli types, they have 
originated from loose material, coming 
trom the mountainous back country. Some- 
times that material had already become 
more or less hardened, (this applies par- 
ticularly to tuffs). Thereafter these 
tuffs have again weathered and have become 
soli. We may thus, If we wish, conceive 
of the tuffs rather than the loose volcanic 
material as the parent material for a num- 
ber of soil types. The loose ejecta had 
been transported out from the mountains 
toward the lowland by flowing water, either 
all at once, as mud flows or moved 


gradually, and -hence usually mixed with 
other materials. 


Soil-Forming Rocks 

To find these, or really their 
origin, one has thus to hunt In the moun- 
tains lying behind the region. On a foun- 
dation of Tertiary and older rocks, which 
In the region we are discussing are now 
practically never found at the surface 
(pages 446-448), as a result of the great 
llparltlc ash eruptlon(3) there had been 
spread out an extensive layer of this ma- 
terial. Now, since the original surface 
covered over had previously been more or 
less Irregular or cuji up, obviously the 
ejecta in some places accumulated to great 
thickness while elsewhere It was very much 
thinner. Especially at that time, just 
after the eruptlon(3) numerous lahars (mud 
flows) rushed down off the uplands, filling 
up the existing depressions In the terrain 
and In so doing evened out the surface. 

The landscape must then have appeared as 
one enormously great, but very low flat 
heap of sand with Its center, which at 
the same time was Its highest point, some- 
where near where Panahattan now lies, above 
Prapat. This heap of sand sloped off very 
gradually toward the northeast, toward the 
sea, and apparently down to and quite into 
It. But It also sloped toward the north- 
west, to Langkat, somewhat further on than 
the present day bed of the Wampoe. There, 
however, It had thinned out to only a very 
few meters thickness, and finally’' to only 
a few cm. The same was true toward the 
east, to beyond the present day Asahan, 
yes even Into Kwaloe and Blleih. 

Afterwards the previously exlstini;' 
mountain peaks and ridges were washed oi’f 
more or less clean. Especially that moun- 
tainous land which stretches out from Pra- 
pat eastwards Into Hablnsaran; though of 
course neither the valleys nor the depres- 
sions In those mountains were exposed. All 
the material which was eroded was carried 
northea.st wards by the rivers which fomied 
anew. Their deposits raised the surface 
of the already existing lowland and a part 
of the adjacent sea bottom. At the lati- 
tude of Sabang llparltlc sand has been 
found to extend out on the present sea 
bottom to the middle of the Malacca Strait- 
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Our heap of sand had thus become 
much altered In form. It had become some- 
what lover, and at the same time more or 
less incised,. In the middle, where the 
thickness may have been several hundred 
meters, the originally loose ash began to 
pack down more and more and to harden into 
tuff, as today It can be observed In the 
walls of the deep canyons which have been 
eroded by rivers. 

After a period of no eruptions, 
a time of renewed volcanic activity fol- 
lowed. This time however the points of 
eruption were not at Toba lake, but more 
toward the north-northeast, where there 
gradually grew up the series of volcanoes 
from the Dolok Slmbolon In the east to the 
Dolok Semlllr In the west. While the Slba- 
jak appears to have b^en the last to have 
erupted, even yet the historic sequence of 
their formation has not been precisely 
worked out. 

More Important for our purposes 
than the exact historical order are two 
facts: 

1. All volcanoes of this series 
have brought to the surface significantly 
less ejecta than did the llparltlc erup- 
tlonls), so that the region which they have 
covered over with volcanic materials Is 
much smaller. Moreover this probably also 
was done In a calmer tempo. A volcano can, 
so to say. In one shot fire Into the air 1 
cubic kilometer of magma, In which case 

the ash spreads over a great area; on the 
other hand. It may eject the same quantity 
of magma during the course of several 
weeks, or years, and In that case the ash 
heaps Itself up In a much smaller area 
closer to the crater. Then from time to 
time during heavy rains lahars (mud flows) 
rush down and shove far out Into the low- 
land long ribbands of loose lahar material, 
the particles varying In size from fine 
ash to large blocks of stone. This latter 
explanation of the manner of formation 
coincides better with the observed facts j 
as Drulf has described them and Indicated 
them on his map. 

2. The composition of the magma 

and consequently of the ejecta differs from 
the previously erupted llparltlc material, 
and Indeed so much so that the latter 
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become gradually more basic, thus more 
dacltlc and finally even andesitic. 

The different lahars which origi- 
nated from material of different eruptlons'^'^ 
were from magma of divergent chemical com- 
position and, In consequence, also had a 
different mlneraloglcal composition. It 
is this last criterion which Drulf used 
In his study which led to the differentia- 
tion of the various lahars. 

As has been said, lahars flowing 
off toward the north from the above-men- 
tioned series of volcanoes left behind 
long, rlbbon-llke traces. Also, for that 
matter the same thing happened toward the 
south, away out over the Karo Plateau, but 
In this direction there were astonishingly 
few mud flows, so that they scarcely reach 
the Lau Blang. One of the reasons for that 
Is that the points of eruption, and the 
originally built up loose cones of ash and 
other ejecta did not stand on a horizontal 
plain but on the northern slope of the "sand 
heap" of llparltlc ash and tuff. 

In their flow the lahars naturally 
sought out and followed already existing 
depressions In the land, ravines or broader 
valleys, and filled these up. And they did 
more than that: they left the depression 
with a ridge In It, In the middle It was 
higher than on the edges. Consequently 
the rivers could do nothing else but to 
flow along the boundary between the naw 
lahar and the earlier terrain. Hence, 
taken broadly, the present day rivers are 
at the same time also lahar boundaries, 
although also many a lahar has gone beyond 
Its original boundaries and spread out 
broadly. In the lowland there are many 
rivers which here or there have later broken 
broken across an already existing lahar In 
order to select another bed which was better 
suited to It. All this can be read very 
easily from the map by Drulf and explains 
clearly the genesis and the modifications 
of the landscapes of Langkat, Deli and 
Serdang. 

After the termination of the period 
of activity of volcanoes and of the lahars 
connected therewith, there continued on 
the slopes only the unremitting flowing off 
and eroding rain water, deepening river 
valleys and below In the plain raising the 


Wri^ aifferenttruptlone need not neceeaarlly to eruptions of different volcanoes; even a single 
volcano, indeed, also taps magma "from different vats. 
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level of the terrain by deposition of the 
eroded material. 

Especially In the deeper portions 
thick, long undisturbed lahars hardened 
to tuffs so that only from the surface can 
residual weathering make Its Influence felt 

Certainly In the mind of many a 
reader will now arise the question: why 
have these different lahars been so care- 
fully differentiated from each other In 
Sumatra* s East Coast, while elsewhere In 
the Netherlands Indies one has usually 
been content with merely distinguishing 
the much more striking differences between 
acid and basic ejecta, and at most sepa- 
rations only Into basalt, andesite, daclte, 
or llparlte have been recorded? Questions 
such as to whether the ejecta Is one or 
another kind of daclte, which elsewhere In 
the Netherlands Indies have thus far made 
no Impression are Indeed carefully consid- 
ered here In Dell, since it seems that 
these apparently unimportant differences 
In parent rock sufficiently affect the 
soil originating from them to cause the 
quality of the Dell wrapper leaf tobacco 
grown on them to show distinct differences 
which are very Important economically. 
However, sufficient researches have not yet 
been carried out on the various phases of 
this question. These effects occur so 
regularly that It has even been possible 
to map the lahars which give high value 
tobacco and those which do not ; still 
more will be said about this later. 

Meanwhile we cannot help but wonder 
whether. In the same way In the Princi- 
palities of Java, for example, the differ- 
ent Merapl and Merbaboe ash eruptions and 
Ifiihars could be differentiated, and whether 
In the tea districts of West Java one lahar 
or lava stream gives a significantly higher 
quality tea than another. But these are 
questions which really must be considered 
when we come to Java. 


Climate 

Whatever there Is to be said con- 
cerning the climate of Sumatra *8 East Coast 


In the narrower sense Is of course connected 
with the data In Tables 93 and 95, pp. 425, ^26, 

The land runs up from sea level to 
2,000 meters and more. Close to the sea 
the air temperature averages 25 or 26°C, 
between the dally limits of approximately 
20° and 32°. With greater elevation this 
decreases to an average of about 12° with 
a range of between about 5° and l8°C. The 
soli temperature under tropical high for- 
est, such as has been standing 70 years, 
does not depart much from the average air 
temperature. Close to the sea It Is about 
26°, and at 2,000 m. elevation about 12°. 

But where the forest has been displaced 
by cogon ( imperata spp.), these tempera- 
tures must become a couple of degrees 
higher, and In well cultivated fields a 
good 3.5° higher. Thus on the so-called 
lower plantations soil temperatures aver- 
age about 29 to 30°, while above 8OO m. 
elevation In well cultivated ground the 
average soil temperature falls to below 
25°C. The reader should also compare pages 
42-45 of this book. 

As to the rainfall, Boerema"^® had 
devoted a separate work to the northwestern 
part of Sumatra’s East Coast. To avoid 
repetition the reader Is referred to that 
publication. Also Braak records In hls 
handbook® ° a number of data relating to 
the rainfall. All these data, however, 
refer more to the atmosphere than to the 
soil. Even so, a few significant details 
are to be culled from them: Although the 
number of rainy days for Medan per year 
might be 142, thus be almost 40$^ of the 
year, the number of minutes per year in 
which It rained was only about 5/^ of the 
total number of minutes, l.e. 955^ Pf the 
time It Is ’’dry." In the true rainy months 
the percentage of rainy minutes may Increase 
to 10, while In the "dry" months, as Febru- 
ary. It falls to less than 1^. 

In connection with the nature and 
the surface position of the soli of an 
agricultural region such as Deli, It Is 
Important to know what proportion of the 
rain Is taken up by the soil, and how much 
runs off over the surface. There are no 
data expressed In figures regarding this, 


78. See: S. C. J. JochemB, and C. H. Ten Cate, Ind. Merc. LV (1932), p. 5^1 and S. C. J. Mohr, Ind. Merc. 
LVI (1933), P. 227 (with a small map). 

79- J. Boerema, Verb. Kbn. Magn. en Meteorol. Obaerv. Batavia, No. ^ (1923). 

80. C. Braak, KLlmaat v. Ned. -Indie, II, pp. 26-53. 
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but one ought to be able to collect such 
with but little difficulty particularly 
where, as at Medan, Is Installed a Heilman 
self-registering rain meter (pluvlograph) . 
This could be done as follows: with watch 
In hand during each heavy shower, note down 
the minute when water commences to flow 
over the surface; from the pluvlograph then 
read for this minute how many mm. of rain 
had already fallen, being the amount the 
soil already had taken up, also note how 
long It had rained altogether, and what was 
the Intensity of the rain. Observations 
such as these are cheap and simple to make 
and If carried out over a considerable num- 
ber of years would appear to be of much 
practical value. Obviously the results 
would be of value only for the soil type 
and the vegetation, etc. where the pluvlo- 
graph stands. 

At Medan the evaporation la also 
rrieasured®^ with an open pan evaporlmeter. 

In this way the total annual evaporation 
has been found to be roughly 900 to 950 mm. 
Since there the total rainfall la around 
2 m. annually, there then remain about 
1,100 ram. for runoff and percolation. Now 
it would certainly be of Importance to 
learn what happens to these 1,100 mm. This 
Is possible only by experiment, and through 
experience and observation. 

Already generalizations regarding 
"the fate of the rain water" have been 
stated on pages 53-55 • Since this Is such 
an Important agricultural region, to ampli- 
fy that discussion we may well here add 
some points. From experiments at Bulten- 
zorg®^ It appeared that one may reason 
along general lines thus: In a certain 
sense each shower Is to be considered by 
itself. Hence there Is mention of a cer- 
tain rainfall limit, at Bultenzorg, and 
for the soli there measured It Is about 5 
to 7 mm. while the rest flows off. If dur- 
ing the previous days It had also rained 
heavily, then the limit falls to sometimes 
^3 low as 3 mm. After long drought the 
limit may rise to 10 mm. and even above 
^nd yet nothing runs off. For Dell It is 
now necessary to determine the limits for 
the different soli types and under 


different conditions In which they may 
exist, such as: clean cultivation, under 
cogon, under parang (cogon with some scat- 
tered fire-resistant trees), under tropical 
high forest; with different slopes; and 
with different Intensities of rainfall. 

The value of these limits Is then that one 
knows at least approximately that, as for 
example In a month when 200 mm. falls In 
five showers of 40 mm. of that rain at the 
most 5 (showers) x say 8 mm. (rainfall 
limit) = 40 mm. rain soaked Into the soli 
to do It and the plants good, while l 60 
mm. ran away useless (if It was not worse 
than useless through damaging the soli by 
erosion, etc.). But If on the contrary 
only 80 mm. fall In l6 gentle showers of 
5 mm. each, then there Is every chance 
that practically all this rain will be 
soaked up by the soil, so that a much 
smaller quantity of rain runs off (but 40^^ 
of the first mentioned) and twice as much 
Is conserved for the soil and thus for the 
crop I 

In practice, nevertheless. It Is 
Impossible for one to stand out In each 
shower and study it. For general use one 
must have a rapid, convenient, and prac- 
ticable approximate rule. The above- 
mentioned suggested limit of roughly 8 mm. 
was for certain particular conditions, 
namely, a tobacco field, In March, on a 
certain soil type. Then substratlng 8 mm. 
from each dally figure above 8 mm. and 
totalling the differences will give the 
approximate amount of run-off. The water 
relationships may be summarized as follows: 
The monthly rainfall (r) minus the run-off 
(a) Is held fast by the soil and equals 
that lost directly by evaporation from the 
soil (b), the water held by the tissues 
plus transpiration through the plant (p) 
and what sinks away down Into the depths as 
percolate (d). All this can be shortened 
Into R-A=B+P+D. 

For cultivated crops the point Is 
that P should always be sufficiently large. 
A and B depend upon the condition of the 
surface of the soil. On a solid smooth 
soli A Is large; vWlth a friable, loosely 
worked up surface A Is small. From black 


See; Observ. Second. Stations Neth. Indies, publ. by Roy. Magn. Meteor. Obs. Batavia. 
82. Sea; Teysnianma, M (1909), pp. 151-166. 
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soil B is large, from a pale one much 
less.®^ A loose crumbly surface layer may 
decrease B, especially in times of long 
drought. D is above all a question of 
permeability of the subsoil. And while 
there is little which can be done to modify 
it, certainly percolation must not be over- 
looked in the calculations. 

However it may be, the possibility 
exists that on one single spot in two dif- 
ferent crop years in the same month the 
same amount of rain, say 120 mm. falls, and 
that during one year the crop fully profits, 
while during the other year, on the con- 
trary, the crop suffers a lack of water. 

The conclusion is: a high value crop, which 
is also very sensitive to the differences 
in soil moisture, cannot get along with 
only the monthly quantities of rain stored 
in the soil. Hence there should be a more 
detailed measurement of the rainfall rates, 
making possible a more thorough rainfall 
analysis to explain the reasons for the 
differences. This is all the more neces- 
sary since it is by no means impossible 
that in this connection in the course of a 
long time there may be certain measures 
which should be taken, so that the crop 
will do well. 

Another very Important factor for 
the development of plants is the amount of 
moisture in the soil at various depths and 
throughout the whole period of growth of a 
crop. In this respect tobacco makes very 
different demands than Hevea. As yet we 
know but very little about all this. In 
vain we search in the literature for series 
of data. Hence with respect to the soil 
climate there is still quite a bit to do.... 


Weathering Processes and the 
Resulting Soil Types 

Since there is no case of alter- 
cidtlng water movement in the soil, because 
the climate never exhibits an annually re- 
curring period of drought of long duration, 
there are but few different weathering 
processes in the region we are considering. 

Crossing right through the entire 
region from the west -northwest toward the 
east -southeast, approximately through 


83. Cf. ; E. C. J. Mohr, Verdungstung von Wasser- und 

(1909). 


Selayang and Teblngtlnggl, somewhat north 
of Blndjey, soifiewhat south of Medan—, there 
runs a boundary line. To the north of this 
line the gray and grayish soil tints indi- 
cate predominantly subaqueous weathering, 
while to the south the brown and red tints 
predominate and demonstrate the effects of 
subaerial weathering. And although this 
boundary can in this way be drawn across 
great distances on the map, and here and 
there in the field is even clearly marked 
by a low terrace; in other places Its loca- 
tion is somewhat capricious. In bay-shaped 
curves the gray presses in far toward the 
south, or the condition may be reversed 
with smaller higher spots or little knolls 
of red color lying way to the north like 
Islands lying off a coast out in a gray 
sea. This would seem to indicate clearly 
that there has been a time, geologically 
speaking not long ago, during which the 
land north from this boundary lay continu- 
ously, or at least nearly so, under water, 
while the land south of this line remained 
dry. And since at the present time the 
boundary lies at about 25 m. elevation, 
the change in elevation must have been 
about 20 to 25 m. 

But this reasoning is not entirely 
correct, because we may well say that 
until roughly three-quarters of a century 
ago the whole region lay under tropical 
high forest; from the forest floor of which 
water did not flow so easily as off from 
cleared land. It is thus possible that 
only after clearing away of the forests was 
the farthest back or highest subaqueous 
strip exposed to drying, and the required 
rising of the land need not amount to the 
full 25 m. 

There is still a strip of subaque- 
ous soil, the bakoebakoe , lying along the 
sea. Part of it continues to be drenched 
in sea water, and part is more or less 
deeply leached and permeated with fresh 
water, so that there la fresh water above 
and salt water below, deeper down in the 
ground. If here there were a marked dry 
season such as the northern coast of east 
Java has, the salt water would work up to 
the surface. But here on Sumatra* s East 
Coast, although not entirely impossible, 
the opportunity for this is very small. 

Bodenoberflachen, Bull. B^t. Agr. Ind. N^erl. XXG 
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So long as the surface of the soil does not 
lie more than a couple of meters above sea 
level then whatever salt water may be deep 
in the soil is of no consequence In so far 
as the roots of the vegetation are con- 
cerned. 

But now let us first consider the 
condition as It was about three-quarters of 
a century ago, before the land was cleared. 
Then let us consider the conditions which 
have come about In the course of agricul- 
tural development: 

To the south of the repeatedly men- 
tioned boundary line, the oldest, the llpa- 
rltlc deposits had been subjected by a sur- 
plus of rain to continuous leaching, or at 
least to an occasionally suspended leach- 
ing. The resulting soils had reached the 
first stage of a lixivium. Higher up, for 
example In Slmeloengoen above 600 m. the 
soli was a yellow lixivium with a humous 
surface soil, thicker and richer In humus 
as the site under the tropical high forest 
was elevated above the sea. In lower, 
thus warmer, localities obviously less 
humus remained to accumulate and the color 
ran more toward a brownish red and red. On 
the somewhat younger, dacltlc deposits the 
color was deeper brown and brownish red, 
and with Increasing elevation both on the 
soil and on the llparlte there was an 
Increasingly humous surface soil covered 
ty a thinner humus layer. 

On the very youngest lahars of 
dacltlc-andesltlc nature there waq the 
3tlll very juvenile, so-called “black dust 
3 oll,"®^ Why these youngest deposits have 
become quite black and not brown or red Is 
a soil-science puzzle of Sumatra’s East 
Coast, which although It has already at- 
tracted much attention, still remains un- 
solved. 

A similar soil, black dust on a 
pale yellow subsoil, occurs along the high- 
way between Salat Iga and Tengaran In Cen- 
tral Java upon a lahar which presumably 
came from the Merbaboe. The origin of that 
soil la also obscure. With the entire un- 
certainty as to the origin of these black 
dust soils it does not seem out of place 


to mention the following hypothesis which. 
It must be admitted, is still inadequately 
established. 

Not only the llparltlc, but even 
the dacltlc eruptions and related lahars 
are preglaclal and the lahars carrying the 
black dust soil may have flowed down during 
the Ice Age or even just before It. In 
the Ice age the entire Soenda platform was 
dry®^ as well as the greater part of the 
Malacca strait, in which today no greater 
depth has been measured than about 40 to 
50 m. Durliig that time the climate of 
this region must certainly have been sig- 
nificantly drier than now, because of the 
then extensive region of low land, for a 
great part surrounded by mountains, where 
now there Is sea. If we also take Into 
consideration the fact that the coastal 
region of Sumatra’s East Coast even at 
present at many points of observation®® 
still has less than 2 m. rainfall, then 
during this general increase of the dry 
land area, the total rainfall must Indeed 
have been below 1 I /2 m. or even still 
lower, especially In Sumatra’s East Coast 
In the narrower sense. Certainly the moun- 
tains to the northeast (Malaya) and south- 
west (Barlsan) must have Interrupted most 
of the rain coming from both these direc- 
tions. The southeast wind had to traverse 
an enormously extended, flat, dry, hinter- 
land, and since the winds from the north 
came from cooler regions, at the higher 
temperatures of this low latitude the 
winds were also relatively dry. In short-- 
there were no rains coming In directly from 
the sea and the winds which descended from 
the mountains must have been less moist 
than Is today the case. Under those con- 
ditions It Is not at all surprising, but on 
the contrary very likely that on a lahar of 
fresh ejecta, deposited during this time in 
this relatively dry plain, contrary to the 
present conditions, the weathering would 
not have progressed as continuous or Inter- 
mittent leaching. That Is, the water move- 
ment In the soil was not continuous or with 
Interrupted Intervals downward but that It 
took on®"^ a more alternating character. 


8 ^. Regarding the exact location of these deposits (lahar tracts) one should consult the map oi Drull, 
Weded. Dellproefst. No. 75, (1953). 

85 . See; G. A. F. Molengraaff, De Gcologie der Zeeen v. N. 0. I., In: de Zceen v. N. 0. I, (Lcldtni, 1921), 

p. 274-275. 

86. For example, the series: Hoempang— Mabar— Saentls— Batang Kwls — Dell Moeda — Soer\gal Bamban ^Laboen 
Roekoe Tangjong Balel with rainfall averages between 1,928 and 1,695 nm. 

8.. p. 168. 
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In other words this water movement must 
have been alternating In direction, for a 
time downwards and then upwards. At times 
there must have been strong concentrations 
of alkali In the surface soil. In conse- 
quence of which the organic matter of the 
dried (grass?) vegetation was strongly 
carbonized. Where tropical high forest had 
once had a chance to develop, for example 
on the. llparltlc and on the (older) dacltes 
reddish brown lixivium had formed, a weath- 
ering process which could not be undone. 

At most through repeated severe drying the 
color could become superficially more red. 
But there was no occasion for the forest, 

In this case monsoon forest, to disappear. 

On the new lahar, however, forest could 
not have developed before the commencement 
of the dry period during the Ice Age. 

The kernel of this hypothesis as to 
the origin of the black dust soil Is thus: 
the fresh lahar material was deposited just 
In the Ice Age, which signifies for this 
re'glon an especially dry time for the 
tropics. Lahars which flowed out before 
the Ice Age on Sumatrans East Coast had de- 
veloped a normal brown and red lixivium. 
Likewise lahars occurring after the Ice Age 
must also have developed normal lixivium, 
but no more of these have moved down toward 
the east coast. In agreement with this 
hypothesis It Is also true that these black 
dust soils have never been observed on the 
outer or sea-facing sides, l.e. on the west 
and the southern sides of the Soenda plain, 
neither on Sumatra nor upon Java, for facing 
the sea the effects of the sea were always 
felt, thus there never could be a drought. 
The above already mentioned black dust soil 
of Salatlga, Java, lies In a pla^Be which Is 
cut off from the sea to the south by moun- 
tains and open toward the north, toward the 
Java sea, which at that time was a plain, 
and which I believe was a dry steppe, par- 
ticularly to the north of Central Java and 
West Java. But more about this when we 
consider Java. 

Meanwhile, as a consequence this 


hypothesis contains the Implication that 
during the dry Ice Age the leaching of the 
soil was unimportant and that subsequently, 
when as a consequence of the submergence 
of the Soenda plain, more rain began to 
fall, the soil, now supplied with adequate 
soil moisture, became fertile and the mis- 
erable vegetation of grasses was replaced 
by luxuriant tropical high forest.®® 


# # # ««# 


Following Drulf, in recapitulation 
we find there are six principal residual, 
subaerial soil types: 

1. The soil on the Tertiary forma- 
tions, — especially In the west of the re- 
gion we are here considering, west from 
the Wampoe river and also some unimportant 
spots in upper Benkloen, Upper Goenoeng 
Rlnteh, and their environs. Profiles are 
frequently variegated In color, with much 
brownish red, light yellow, and In the 
lower parts which are transitions toward 
amphibian and subaqueous weathering con- 
ditions, there are dirty white portions. 

As a rule the surface soil Is somewhat 
darker, though it is but seldom distinctly 
humous. Sometimes the soli Is richer in 
clay or Is loamy, while In other places it 
also has a large proportion of fine sand. 
Weatherable minerals are lacking, as a 
consequence the fertility of this type is 
Indeed quite low. 

2. The soil on the llparltlc tuffs, 
— occurring west from the Wampoe River, to 
the south from type (l) and especially east 
from the Bloemel river as far as Into 
Kwaloe. In the lowland the sandy lixivium 
Is more on the bright red side; higher up, 
at around 500 m. and higher. It Is rather 
more a brown and brownish yellow. Among 
the large crystals water-clear quartz pre- 
dominates, but there Is also milky weather 


88. From an enttroly different point of departure and via a different argument namely a gecmorphologlcal 
one, Volz (Nord-Sumatra, II, Die Gajolander, p. 284-293) llkewlae comes to the conclusion that for a 
long, time North Sumatra must have had a dry climate, —at least something similar to what Northeaster 
Java or some of the Smaller Soenda Islands now exhibit. As to time, he places this dry period In tl' 
Upper Pliocene; following the "Ery Period" he supposes that a "rain period" with excessive rains fol 
lowed. Though this last supposition does not appear to be necessary; there Is however no real con^i 
between my hypothesis and that of Volz. 
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dull sanldlne with a glass -clear plaglo- 
claae which, since it is so poor in cal- 
cium, remains practically unweathered. Of 
the darker minerals blotlte predominates, 
often more or less bleached. Hornblende, 
hypersthene and concretionary iron ores 
also occur, but with the naked eye one 
does not see much of these minerals In the 
soil; only the red color indicates they 
had been present in the original tuff. On 
convex terrain the subaerial llparltlc soil 
is very pervious for water and thus also 
for air. Therefore on the soil type at 
elevations not far above sea level, even 
under tropical high forest the surface is 
but very thin and poor in humus (see Pig. 
179 ). The higher the elevation, however, 
naturally the more the humus residue in- 
creases, both in the amount of the humus 
and in the thickness of the surface soil. 
Thus it is that this sandy soil type is 
subject to very serious erosion. Not only 
sheet erosion which takes with it the finer 
fractions (the weathered pumice stone frag- 
ments) and leaves lying on the surface a 
layer of crystals, so that after a heavy 
shower the soil appears as if sugar had 
been scattered over it (see Fig. 18^:), page 
482). But this soil is also subject to 
gully erosion, which cuts deep, canyon-like 
ravines. As one will understand, surface 
erosion is also a factor which tends to 
hold the humus content of the surface soil 
at a relatively low figure. 

The soil on the dacltlc-lipa- 
rltlc tuff s, --occurlng on Namoe Oekoer West, 
Lau Boentoe, Tamboenan, Bekioen as well as 
on a few other leases. The parent material 
of this soil contains somewhat less quartz, 
more magnetic iron ore, less mica and more 
hornblende and hypersthene than the llpa- 
rltlc tuff. Analyses are not yet available 
hut the glass is presumably somewhat richer 
iron, 30 that with the weathering of the 
hornblende and the hypersthene, the brown- 
ish red lixivium is darker red in color and 
because of a large amount of the very fin- 
est iron oxides, it has a somewhat violet 
I'ed tint. The plagloclase is also richer 
^nd so is weathered sooner. The result is 
^ oharacterlstlc, mellow, red lixivium, of 
Quite good water-holding capacity, and but 
moderately sandy. 

^9. Hero again the reader should consult the already 
C. H. Ooatlngh, Voorl. overi. gronden tah. geb. ] 


4. The soil on the dacitlc tuffs, -- 
differing in nature depending upon whether 
the soil lies on the so-called older phase 
or upon the younger. Speaking in general 
terms, the older phase lies between the 
Soengel Blngei and Soengel Petanl (Dell 
river), while the younger tuff occurs in 
long strips running north and south along 
the Begoemlt, over Namoe Oekoer West and 
then again east from the older phase on 
the Dell Toewa, Patoembah and a number of 
other estates.®® To the eye there la in- 
deed very little difference between the 
two brownish red lixivia, lying on the two 
tuffs which mlneraloglcally are quite dis- 
tinct. The practical man calls both of them 
"red land." But the tobacco plant quickly 
indicates a marked difference between them. 
On the younger dacitlc tuff it produces a 
leaf which is distinctly more valuable than 
that grown on the older material. Why?— 
This is now just the question which must be 
examined more closely through systematic 
physical, chemical and biological research. 

5 . The soil on the youngest lahars, 
which are andesitic with a small content of 
quartz, and which Druif therefore called 
andeslto-dacite. This type is the so-called 
black dust soil , lying upon a pale yellowish 
gray subsoil, as yet very juvenile. The 
most distinctive characteristic of the black 
surface horizon of this soil type is that in 
the dry condition it exhibits but slight 
coherence and is strongly blown about by 

the wind. A^lthough also quite loose, the 
red soil types have more coherence, and 
the one mentioned under type ^ is even 
clearly plastic and sticky. Provisionally 
I can give no better explanation for this 
than that the black dust soil is so young 
that it contains an unusually large propor- 
tion of fine ash still in the form of fine 
sand and silt because weathering has not 
yet proceeded to clay. The mineralogical 
composition of the unweathered portion is 
different from that of types 2 to 4. 

Quartz is unimportant, and sanldlne is out. 
On the contrary the plagloclase is much 
more basic being richer in calcium. Also 
there is much more hypersthene, as well as 
augite in the sand. But the most charac- 
teristic feature of the black dust soil is 
its high content of "humus"®® which amounts 

repeatedly -referred-to map by Druif. 

) 0 ll, Meded. Dell proefat. LIV (1938), p. 29 , 
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Photo hy L. Ph. de Bussy 

Fig. 179* Edge of the tropical high forest, In 
Slantar, showing three stories: (a) the middle 
forest; 30 to 40 m. high; (b) the undergrowth, 
with many climbing plants, among which are various 
sorts of rattan; (c) the high forest trees, the 
crowns of which begin at 40-50 meters and reach up 
as high as 70 in. In the center two Koompassla 
trees— The sandy soil Is relatively poor In 
humus. 

to between 15 and 17^* But, In contrast 
with the humus In red soils, for example 
that, on the old and the younger dacltlc 
tuffs (see (5) and (4)- above), the nature 
of this humus Is still far from being ex- 
plained. 

* # # * * 


Having now concluded our description 
of the residual soil types, it Is desirable 
to preface the discussion of the soil types 
deposited from water, the allochthonous 
soils, with the general remark that even 
taking Into consideration what has already 
been said about them on pages 446-467, It 
will not do to draw a boundary running east 
and west on the map to the south of which 
would be only residual soil types, while to 
the north of It there would be only 
allochthonous forms . 

Along the rivers In the southern 
region there are a number of strips run- 
ning approximately south to north, the so- 
called pamas and the earlier pamas now 
called terraces, which are to be considered 
with the allochthonous soil formation as 
true river deposits. The younger they are, 
the more clearly can we recognize them as 
such. And obviously the longer they lie, 
while the river which had once deposited 
them cuts Itself In deeper and deeper so 
that It can no longer reach them again, 
the more the deposits take on an autoch- 
thonous soil form developed from the alloch- 
thonous material, and so Is It Indeed at 
times difficult to decide how the soil at 
a certain point should be named. That is 
whether It Is allochthonous, thus secondary, 
or autochthonous and hence residual. 

Either a long description Is necessary or a 
formula according to the principles devel- 
oped In Part I of this book should be used. 
For example at Selajang where the Soengei 
Blngel empties Into the Soengei Wampoe we 
find that Drulf calls them "low terrace 
mixed soils." These may be described as 
llparltlc sand. In part already subaeriall:/ 
weathered In the higher hilly land plus 
andesitic or dacltlc. In part coarse lahar 
material, likewise already to a certain 
degree subaerlally weathered In the higher 
mountain and hilly land. These two compo- 
nents, after erosion and mixing together 
In the river, have been deposited with sand 
and gravel In the low land as pama and have 
then commenced to weather under amphibian 
conditions.®^ After the preliminary work 
by others®® Drulf couJ.d collect so much 
data about these solls®^ that we now have 


91. All this may be condensed into the Formula: [(V.A.I— Wa.HN.ae. 2 ) 4-(V.b.2— Wa.NN.a8.2)]col— H.NN.am.l* 

92. See among others; F. C. Van Heurn, Jhr., Stud. betr. bodem Sum. 0. kust. enz., (Amsterdam, 19^3 )> 
which contains also an extensive bibliography. C. H. Oostlngh, 1. c . (1928), p. 12 ff. 

93* H. J. Drulf, Meded. Dellproefst. LUV (1952). 
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a distinctly better understanding of the 
30lla of Sumatrans East Coast than of 
those of any other part of the Netherlands 
Indies. This does not, however, deny the 
fact that there are many questions still 
remaining to be answered. 

In the northern region, which has 
been built up principally of more or less 
recent river deposits, tongues of somewhat 
higher land run out from the hilly land 
lying behind. Sometimes transverse ero- 
sion valleys have cut these tongues off 
entirely from the hilly land, so that they 
form little ridges or knolls of which I 
have seen such excellent examples on the 
Tandjong Kassau Estate. The difference In 
color between the gray plain, which Is es- 
sentially allochthonous, and the knolls 
weathered to red lixivium Is especially 
striking. 

Druif, In his already repeatedly 
ret’erred-to publication of 1952, had pro- 
visionally designated the entire region of 
the allochthonous deposits with only one 
color, Three years later he was so kind 
as to send to me copies of his working 
sheet of his then still unpublished "agro- 
geologlcal reconnaissance map,” 1:200,000. 
For. this I wish to have the pleasure of 
publicly expressing a word of thanks, par- 
ticularly because he has differentiated 
the allochthonous deposits so that we can 
consider them In this discussion. 

Prom this map®^ it Is evident how 
the lahar differentiation of the higher 
land. In general scarcely modified, Is 
extended out Into the lowland. For that 
flatter. It would be difficult to expect 
anything else. It would be different only 
If the lowland had been formed not as river 
deposits but as marine deposits, when with 
considerable currents along the coast the 
various materials would have been mixed 
together to a uniform whole, and ultimately 
^uch more uniform deposits would have re- 
sulted. But as It Is, each river has 
vorked Independently, so that Druif could 
differentiate the stream deposits one 
Q-fter the other from east to west. Llpa- 
^ttlc material occurs along the coast from 
Aaahan, Batoe Barah and Serdang. Deposits 
fnom dacltlc material are found In the low- 
land of Dell, and similar deposits In the 
lowest land of Langkat. But In contrast to 


that, and at a ’more southerly location 
stream deposits from the same material as 
that from which the black dust sbll of 
Upper Langkat and Southwestern Dell had 
been formed, occur. Along the Vampoe 
river Druif draws a broad strip of "mixed 
soils." Likewise just east of the Dell- 
Serdang boundary are shown "mixed soils" 
along the Bloemel. --Higher up, west from 
the Warapoe are almost exclusively Tertiary 
materials. In the lowland there Is eroded- 
off soil material from this upland and at 
the same time mixed with more or less vol- 
canic material of different nature (llpa- 
rltlc, dacltlc and andesitic) carried out 
by the Vampoe, and therefore of very varied 
composition. First beyond Pangkalan Bran- 
dan there Is found alluvium coming exclu- 
sively froir Tertiary rocks. Meanwhile It 
Is difficult to Imagine how In the field 
at first glance the origin of all these 
river deposits can be differentiated; they 
resemble each other far too much for this. 

But In each lahar deposit there are certain 
observable differentiations as to grain size: 
gravel banks, sandy stream banks, light, 
fine sandy loams, and also some finer forms, 
richer in clay, Now the coarser these ma- 
terials are, naturally the more easily and 
more quickly can one observe even upon 
close Inspection with the naked eye or with 
the hand lens something of the parent rocks, 
especially In the larger crystals, gravel, 
and stones. 

At higher elevations the color of 
these alluvia Is more brownish gray. Lower, 
and nearer to the sea, grayish; that Is to 
say, this latter was the case during the 
time that the land was still covered by 
heavy tropical high forest. But the high 
forest was felled, and 50 to 40 years later 
It could have been seen that on the so-called 
lower plantations, without doubt because of 
oxidation of the Iron present In the soil, 
the color of the surface soil had changed 
from a predominatingly gray more toward a 
brownish gray. That this could happen Is 
to be ascribed In part to better drainage, 
but especially to the disappearance of the 
thick tropical high forest, as a consequence 
of which the rain water Is now much more 
rapidly carried off and the air can more 
easily pass into the soil. In former times, 
when the entire region was still covered 


94. Redrawn and reproduced on a smaller scale as Fig, I80, facing p. 472. 
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vltli hlgli f oreat , after a heavy i^tnf all 
the vater layer covering the entire fareat 
floor gradually moved alovly from aouth 
tbvard north and very gradually Into the 
rlvera and so finally paaaed Into the aea. 
But alnoe then the high forest region has 
been converted Into an agricultural one. 

The moat recent sketch map by 
Drulf also ahova a particular feature vhlch 
should not remain unmentloned. In the cen- 
ter of the "fluvlatlle deposits of llpa- 
rltlc material, " lying around lK}eboe Pakam 
In the vest and In Asahan In the east, 
north from Teblngtlnggl, to Soengel Rampah 
Drulf Indicates a region, vhlch he calls 
"Pluvlatlle deposits of llparltlC', plus 
other volcanic material" principally between 
the Soengel Beloetoe and the Soengel Padang. 
But If on the map we follow up these rivers 
to their headwaters then no other parent 
material than Itparlte is evident. As. to 
\dience that "other" has come is not evident 
from the map. This raises a doubt as tO‘ 
whether all the peaks to the east of the 
principal series of volcanoes, which end 
approxl|nately with the Dolok Texiaroh and 
the Dolok Songsong are entirely llparltlc.' 
This la particularly true of the Dolok Ba- 
topoe, the D. Slrapagoer, the D. Slmarsom- 
pah, the D. Penoembaran and more especially 
of the D. Slmbolon and the D. Slmarlto. 
During a trip through this highland many 
years, ago, I gained the Impression that 
basic rooks did occur there. The map of 
Drulf however does not Indicate any such 
material. If later this Impression Is 
confirmed, then this would also perhaps 
be the explanation why the above-mentioned 
region Is different, from the plain lying to 
the left and right of It. 


- Bvalutalon and Utilisation 

of the Soils 

It Is Indeed a very special place 
which the sgHcult^u^^ region of Sumatra*s 
llast ppsst occupies In the 
indices in lio bther^ region is It tjp^ 

'that by far the 

arable soil Is occupled^by Buropean planta- 
tlbh ct^s here. And non 

eXe^ 4o the nhtlve ipi^e p 

' - m C' ■ ' ■■ ' 

the Burepean 

csifsV % 


established themselves on the Bast Coast, 
there was still only a Wery scant popula- • 
tlon. Aside from a few Malay fishermen 
and traders the native Bataka existed by 
raising some crops In kalhglna . This 
kaiSgln agriculture was so unlmportauit 
that before the European entered the scene 
the land was almost entirely covered with 
tropical high forest. There were no 
striking nor marked differences between 
thls^and the other parts of the east coast 
of Sumatra nor of the coast of the other 
Islands, and there was hardly any thought 
of particular evaluation or utilization of 
the soli. 

Actually, besides something obvious 
there Is also something strange about it. 

A somewhat analogous case was pointed out 
on a part of Halmahera (pages 512-513 of 
this book) where, In spite of natural con- 
ditions vhlch appear distinctly favorable, 
up to the present time neither an Inten- , 
alve agriculture nor a dense population has 
developed. A few possible reasons for this 
were sought for and have already been 
stated. Whether something similar for the 
land of Dell should be possible is another 
matter. However it may be. It cannot be 
denied that there' was a distinct coinci- 
dence In that the tobacco culture commenced 
on land close to the present day Medan, 
which even today la considered to Include 
the best tobacco soils. These soils are 
allochthonous, formed especially from older 
and younger dacltlc material, described 
above under (4) (see pages ,469, 471), so 
that the very first planting was clearly 
an economic success. This was the reason 
that, there followed a general "opening" of 
the land from that first central point.' 
Prbm there the development has spread out 
In all directions over the country* 

It had been discovered that this 
land was superior to any other in the 
world for producing wrapper tobacco and 
thdt a natural mbnopoly was the reason for 
and the begi^lng of the phenomenal devel- 
opment of Sumatrans Baet OoAst agrl- 

oultural x^gidn which how ie to well known 
In fiuwwer to 4ba questibnr 
possible th# toll of fiel,! s® 

-diatinotiiiS that aft; 
will, never ift 

world? A bvlof awver vm nonothing 
, ae/followii the' soil la -i^ry oertdlnly ^ 

I iSiportwt fj|d4b^ \iii\tSat': ^ 
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cel^alnly thd mdst Impoptant. But das idea 
tht» more factora are favorably operating 
here together. They are, namely the climate 
with Its nicely distributed rainfall and 
that relative humidity of the air so favor- 
able for this crop. A good supply of car 
pable Oriental labor suited to this fine 
culture, and Occidental supervision Ex- 
pressed In technical knowledge and the abil- 
ity to organize, are other Important fac- 
tors. If any one of these four factors 
were lacking the result would certainly be 
disappointing. While on Java, for example, 
the two last -mentioned factors are also 
present, but such a soil and. such a climate 
are lacking. And when In Dell the weather 
la not normal. It does not contribute Its 
share, as for example when the season la 
too dry or too wet, the crop la of dla- 
tlnctly less value. 

That the soil la Indeed the princi- 
pal factor of the four Juat mentioned la 
clear If one considers the results of the 
different planet ions during a period of 
years, as these were statistically col- 
lected by Jochema and Ten Cate®® In connec- 
tion with the soil type on which they were 
located. Tobacco, especially the Dell 
wrapper tobacco, la a quality product; ac- 
cording to the quality It brings either a 
high price or only a low one. Nov the best 
producing plantations all lie on the "black 
dust soil" or on the "younger daclte la- 
hars,” while for Dell wrapper leaf the llp- 
arltlc soils appear less and leas able to 
pay a profit. History gives an undlsput- 
able verdict regarding this. 

In the accompanying collection of 
small maps (Plg. l8o) of the respective 
years we can see on which concessions to- 
bacco was planted.®* It is evident from 
these, how in the beginning, to approxl- 


lli 

mately the end of the eighties, the culti- 
vation was rapidly extended. Indeed the 
rate and direction of the expansion was in • 
proportion to the ease with which conces- 
sions could be obtained and the ease of 
communication. But this expansion was in 
no way directly related to the particular 
nature of the soil, which at that time yas 
quite rightly considered to be good. every- 
where. That Is to be explained by the fact 
that practically all of the land was still 
covered by virgin tropical high forest, and 
for some time after the forest was cut down 
the beneficial Influence of the forest hu- 
mus continued to greatly predominate over 
the Influence of the variable geological 
and related mineral ogical, physical, chem- 
ical, and biological characteristics of 
the soil Itself. In spite of the fallows 
of long duration and reforestation endeavors 
instituted from the beginning to preserve 
the original soil condition as much as 
possible, and to regain it where the or- 
iginal excellent condition had been lost, 
the degeneration of the tropical high for- 
est soil could not be indefinitely post- 
poned. Consequently, in proportion to the 
rate and degree of decline, the more the 
above-mentioned influences of the deeper 
soil came more and more into the fore- 
ground. With the disappearance of the 
tropical high forest humus, which was able 
to mask and in a sense to make good so many 
characteristics and deficiencies of the 
different soil types the true ndture of 
the soil without its forest humus came to 
light. Then a number of plantations had 
to be abandoned because for the cultivation 
of tobacco their soll®^ fell short of the 
mark. 

Thus the contraction of the culti- 
vated area took place along different lines 


95 . 8 , C. J. Jochens and C. H. !Ibn Cate, Qesohled, Dell-tab. Cult., getoetst a/d. huld. kennls v/d bodem 

T. 8 . P. k., Ind. Mere. ^^52), with tables for the years 1893-1950. 

96 . ilhe data for these maps were obtained from: 

1. P. J. Vetii, Hat landsohap Deli op. Sum., T. Aardr. Gen. II (I 876 ), p. 152, with nap. 

?. De Regeerlngsalmaxiakkien v. Ned. Indie I876-I888, In-whlch Is found the: ”Staat van partlo. landb. 
ondemea. op Sun. 0. Sust.** 

3. The published notices la the Indlsche Mwcuur l880-l895. 

The auction statlstlca of Dents and Van Der Breggen: 1896-1955. 

5 . Jochems and Ibn Cate, Oeachled, v. d. Dell-tab. cult., getoest a/d huld. kennls v/d bodem v. S. 0. 
K., md. Merc. ^ Sept., 1932), 5^1, with tables for 1895-1930 Inclusive. 

6. The sketch map by J. H. Drulf (1935) already mentioned on page **71. 

97 . The bllndte however also exercised an lJim?Qrtant Influence for at times there were either drou^ts or 
too fflodh rain. 
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than the earlier expansion. The primary 
reasons were thus pedologlcal and clima- 
tological and not In the first place a 
question of economics. For this reason 
the later the date of the bordering charts 
shoving the distribution of the tobacco 
culture, the better they coincide with the 
central soil map by Drulf. The number of 
tobacco plantations which In the undermen- 
tioned years had plantings of tobacco, 
are approximately®® as follows: 


Table 97 


Year 

Number of 
plantations 
planting 
tobacco 

Remarks 

1864 

1 

Beginning 

1872 

about 22 

Rapid extension 

1880 

49 

1888 

148 


1896 

120 

1890 : crisis 

190it 

114 

Gradual decrease; conversion of 

1912 

97 

plantations In upper Serdang, 

1920 

82 

Asahan, and the entire coastal 

1928 

72 

i region. 

1951* 

47 

I 95 O-I 935 great crisis. Suspen- 

1956 

45 

sion of upper plantations In Lang— 
kat and Dell. 


In this way the area again con- 
tracted to Its present day concentration 
onto the andesitic and dacltlc lahars and 
especially onto the lowland alluvial de- 
posits related to these lahars. Nov If we 
compare Drulf* s map with one on which the 
plantations are grouped according to the 
average price of the product, as Indicated 
by colors, then we would be struck by the 
agreement between the two. And In this the 
most significant thing Is not the relation 
between the quality (the value) of the to- 
bacco and the soil which Is there now, but 
the connection between the value of the 
tobacco and the parent rock ! But this 
does not at all explain why this is so. 

No more so than the relation already 
pointed out on page 460, between the qual- 
ity of the wine of the famous wine dis- 
tricts (the district around Bordeaux, the 
Bourgogne region and the vine districts 
along the Rhine) and the particular fea- 
tures of the soil of those very restricted 


localities where the finest of the fine 
vines are made. For the time being we must 
admit that the tobacco plants In Dell and 
the grape vines In Europe obviously react 
qualitatively to certain soil differences 
to a degree which we men with all our 
elaborate methods of research have still 
not been able to approach. So little do 
we yet know about these soil differences 
that we cannot choose between the two fol- 
lowing statements: the good lands have 
something essential, which the bad ones 
lack; and the poor lands have something 
essentially deleterious which Is absent In 
the good ones. Now to find that “something" 
— be It good, or be It bad--brlngs us to 
the problem which will make the preparatory 
work of Drulf of merited significance. 

In another respect also, Dell to- 
bacco cultivation Is different from that 
of all other crops In the world, namely, 
in the very long fallow. This Is possible 
because Dell tobacco Is such a high value 
crop. In a good year bringing In more than 
US $1,200. per hectare. More than that: 

If the crop Is not to be a failure there 
must be a long fallow, for only with the 
proper soil condition which approaches as 
much as possible that of fresh forest 
soil, is the desired high value product 
obtained. It Is because of this that after 
one year of cultivation the soli Is allowed 
to lie under forest growth for at least 5 
to 6 years, but preferably 8 to 10 years, 
a treatment which brings the soil back again 
Into this necessary condition. It Is in- 
deed true that the humus In the soli which 
Is lost during the one year of cultivation 
must be replaced. However If by humus Is 
meant merely the loss on Ignition as deter- 
mined In the chemical laboratory for exam- 
ple, then this conception Is very likely 
far too simple. Probably the microflora 
In the soil, which during the year of cul- 
tivation Is without doubt strongly modified, 
must as far as possible be reestablished. 
Probably different physical characteristics 
such as crumb structure, permeability, 
water and air capacity need to be favorably 
altered. To completely reestablish the 
original tropical hlgh-forest soil condi- 
tions must Indeed remain an unobtainable 


98. Because of various changes In name and dividing up and combining of plantations, no greater accuracy 
iB to be attained; nor for our purpose Is it necessary. 

99. E. C J. Mohr, Ind. Merc. 2^ (1953); P* I 6 , 227 . 
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desideratum, from the practicable 5 to 10 
year fallow a high value product may be 
obtained. While this may not be the high- 
est obtainable quality tobacco of the 
tropical high forest soils of the previous 
century, It Is quite good enough. But In 
30 far as our experience and knowledge of 
today extends, to get a satisfactory to- 
bacco leaf It Is Imperative for the soil 
to lie fallow under forest during a con- 
siderable number of years. 


# * * # 

It is necessary to devote a few 
pages to a more general question, namely 
the humus of the tropical high forest . 

If a planter once qualifies a soil 
as "excellent, splendid, magnificent "--the 
odds are ten to one that the second word 
will relate to the humus content: "excel- 
lent humous soil," "splendid humus-rich 
soils," "magnificent soil, the purest 
humus." Apart from the exceptions, which 
where necessary, in this book are always 
scrutinized even under the magnifying 
glass if necessary, in general the planter 
Is right, especially if he expresses it 
thus: "there is really nothing which can 
excell the humus soil of old tropical high 
forest." Where this is so, this knowledge 
has been obtained on an empirical basis, 
by experience. But the usual explanation, 
which is given is still not the exact one, 
or at any rate not the only one nor the 
principal one. 

As has repeatedly been touched 
upon in this work, humus exerts a bene- 
ficial Influence in three directions: phys- 
ical, among others through making looser 
an otherwise too solid soil; by making a 
too loose soil more coherent and more able 
to hold water; and by facilitating chemical 
transformations so that the soil will grad- 
ually give up to the plant roots the well- 
known plant nutrient materials which the 
humus holds absorptively, and to serve 
biologically as food for the soil organism^ 
the mlcroflora and fauna which are so 


AZ5. 

Important for the good growth of cultivated 
plants. Besides these and still other 
generally recognized characteristics which 
we need not mention here, there is however 
one peculiarity of this humus to which I 
wish at the .present time to call attention. 

How does the humus of the tropical 
high forest come into existence ?--Prom all 
sorts of plant refuse, especially from the 
trees of the high forest. These trees 
grow using the carbon dioxide of the air, 
water from the soil, and the other sub- 
stances which the roots take up from the 
soll--the nutrient plant materials. Now 
in the last few years it has become evident 
that the essential elements are not all 
comprised in that well-known set of about 
ten elements, but in addition there are 
still about 20 more, so-called minor or 
trace elements, which are usually also es- 
sential though in the most extremely small 
quantities. This has been discovered in- 
directly. 

In the soil these elements are 
present in such small amounts that they 
have^ evaded the usual chemical analysis 
and thus for a long time had escaped atten- 
tion. Of Importance, particularly for 
these elements, we can differentiate the 
following concentration processes: 

1. The trees, or perhaps only some 
of them, in their forest life of many dec- 
ades and longer, concentrate these elements 
out of a large mass of soil, from as far as 
the roots can reach. 

2. The waste portions of the trees 
fall onto the soil. Much organic matter is 
broken down, but these elements are concen- 
trated in the humus which remains. 

;5. In the transition of the humus 
layers into peat’, lignite, and coal, fur- 
ther concentration takes place. 

4 . Upon burning of coal a final 
concentration in the ash occurs. 

Thus it is comprehensible that a 
number of minor elements were first found 
in the analysis of coal ash^*^®; thereafter 
this method of research, continually more 
refined, was also applied to coal Itself, 
to lignite, and is now being applied to 


^00. See for example: V. M. Goldschmidt, Rare elements in coal ashes, Ind. and Engln. Chem. 27 (1935), 
p. 1100. 

^01 • This method of study is the so-much-re fined spectral analysis, with which V. M. Goldschmidt and his 
school have obtained suqh astonishing results during the last decade. 



THE SOILS OF EQUATORIAL REGIONS 


476 


humus. This method of analysis has been 
but seldom used for the plants themselves 
and their ash, or for the soli on which 
they grow.^*^^ But the data we do have 
Indicate clearly that some plants have an 
enormous power (sometimes as much as 3,000 
times as great as other plants) of accumu- 
lating certain elements, while other plants 
seem to lack this capacity entirely. This 
means that the humus coming from a certain 
plant or plants may not by a great deal be 
the same as the humus from another sort of 
plant, --be It remembered we are here re- 
ferring only to the minor elements. In a 
certain sense forest humus Is an average 
product,, something from many sorts of 
plants. But how then has the tropical 
high forest humus come to possess the 
minor elements In larger concentration than 
the humus -free and vegetation-free ground? 
These elements have already passed through 
some plant body or another and probably 
have not been unwelcome In them. Perhaps 
they were essential, even though only In 
traces, for these particular plants to 
fully develop. If that be actually the 
case, then new generations of these plants 
or other plants, which have similar re- 
quirements, find In the forest humus a 
savings box of such necessary little things, 
and this should be quite sufficient to ex- 
plain why If one be determined to grow 
special crops which have particular needs 
for these minor elements, "really nothing 
excells old tropical high forest liumus." | 
The perspectives which these new ^ 
discoveries and the related physiological I 
considerations open up are of vast extent, i 
By way of example, a few observations will ' 
be made with respect to Dell tobacco. Just 
as for each crop plant, also for tobacco 
one must study which minor elements are of 
significance. We have already learned 
that without boron there Is no development 
of tobacco. The soil and/or the fertilizer 
must thus possess at least a minimum of 
that element. Further we may accept as 
probable that besides a minimum for each 
minor element, which the plant must have or 
It suffers, there also exists a maximum, 
above which that element acts as a poison 


to the plaint. And between the maximum and 
minimum lies an optimum at which the plant, 
all other conditions remaining the same, 
grows the. best. This likewise applies 
to the elements already long-known as 
essential constituents of plants. Thus 
the minor elements operate similarly to 
the common ones, the difference being only 
one of degree. 

Now the conclusions: In the soil 
without humus a given element occurs at a 
concentration far below the minimum for 
tobacco. Hence this plant cannot grow 
well. But In the humus of a tropical high 
forest on this soil that element, for ex- 
ample, may have been concentrated to 25 
times the quantity so that It Is now pres- 
ent In a quantity well above the minimum 
required. Thus tobacco grows excellently. 
Suppose now that the plantation lies on 
land with a considerable slope so that the 
humous surface soil Is eroded completely, 
then no amount of fertilizing with pure N, 

P, and K alone can help. Tobacco cannot 
grow properly on this eroded soil. Nor 
can a green manuring make good again that 
deficiency In one year, nor even In eight. 

We may accept It to be true that the high 
forest has brought from great depths and 
over a very long time the minor elements 
to the surface and accumulated them In Its 
humus. Consequently this new reason l.s 
another one to be added to those already 
long-known reasons for the exercise of the 
greatest of economy In the conservation of 
all of the high forest humus. 

If each of two plantations lies upon 
a different lahar (mud flow) and they pro- 
duce different tobaccos, then It is possible 
that the land on the one lediar possesses 
certain minor elements In optimum concen- 
tration and that the land on the other has 
either less than the minimum or more than 
the meuclmura concentration. Only accurate 
analysis can determine this with certainty. 
The question can become still more compli- 
cated If one or more of these elements play^ 
a role In the life of bacteria or fungi, 
which as parasites cause definite diseases 
of the tobacco or If, on the other hand 
the minor elements Increases the resistance 


102. For example: Horace 0. Byers, Selenium occurrence in certain aolls, etc., U. S. Dept. Agr., Wash., 
D. C., Techn. Bulletin No. 482. 

103 . Cf.: V. C. van Qennep, Dlss. Utrecht, April ’ 36 , with an extensive list of references to the litera- 
ture. 
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Photo by J . Brouerlus van Nldek 


Fig. 181. Young planting of tobacco on Sumatra’s East Coast ^ on 
llparltlc terrain, very much Inclined to erode. For the greater 
part the humous surface soil has already disappeared. Very little 
opportunity for regular layout In planting. 


against diseases, rather than predispose 
the plants to disease. In short--lf dif- 
ferent quality tobaccos markedly different 
in value grow on different (lahar) soli 
types there Is Indeed an Incentive to In- 
clude the minor elements In an extremely 
detailed study of these soil types. With- 
out such research fertilizer experiments 
along the old empirical lines will always 
remain defective and, as the past has 
taught over and over again will give re- 
sults from which no reliable conclusions 
can be drawn. 

For something Indicating the direc- 
tion in which to search for the minor ele- 
ments, one should be able to draw upon 
Drulf*a research, In which It appeared 
that llparltlc tuff always possesses or- 
thlte, which contains the minor elements 
cerium, lanthanlum, yttrium and perhaps 
atlll others. While orthlte was practi- 
cally absent from the products of the other 
Qi’uptlonsj titanium minerals are never or 


almost never found in llparlte. 

Perhaps these differences are of 
very small significance, and other differ- 
ences are of much greater Importance. Only 
research can decide this. But even as long 
ago as the commencement of this century the 
use of ash of especially successful tobacco 
plants as a fertilizer gave excellent re- 
sults In the new plantings. In this there 
was already an Indication that the motive 
for the fertilizing "was to give the young 
plants In a concentrated form what the pre- 
vious generation had collected perhaps with 
difficulty out of the soil." While there 
was perhaps a real basis for this, yet In 
this practice there was absolutely no Indi- 
cation as to which elements In the ash were 
essential and which ones were not. 

Turning back to the series of small 
maps, we see how the tobacco culture has 
been gradually contracted from Its greatest 
extension In I888 onto the young dacltlc 
and andesitic lahars, the llparltlc area 


10 ^. J. H. Drulf, Bull. Dellproefst. No. 32 ( 193 ^), Table X, preceding p. 63. 
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Photo by J . Brouerlus van Nldek 

Fig. 182. Young planting of Dell tobacco on heavily eroded terrain. 
In eplte of* the terracing the humous surface soil cannot be 


retained. 

having been more and more abandoned. We 
might say that this was proportional to 
the decrease in the humus content of the 
tropical high forest soil. But besides 
that, however, the forest humus disappears 
more rapidly from the upper than from the 
lower plantations; (one need merely com- 
pare Pigs. 181, 182). Thus If even on the 
dacltlc lahars plantations must be given 
up, the first ones will be the eroded upper 
plantations. And this Is actually the way 
It Is happening. 

In time there will recur a desire 
to open up these abandoned plantations. 

How soon can this be done? Only some ex- 
periments, around the 5th to the 10th year, 
will give the answer. Prom the above con- 
siderations relating to the nature of the 
forest humus, however, .It follows that we 
must take Into consideration the possibil- 
ity that for the production of high value 
tobacco on some lands, a very long fallow, 
for 25 to 50 years at least, is necessary. 
Perhaps from this tjme on there will be 


definite dependence upon regular reforesta- 
tion. In any case the soil map of the 
Dell experiment station should be taken 
Into consideration. 


* * * * * 


More or less closely related to the 
abandonment of the unprofitable cultivation 
of tobacco on a number of estates, we see 
the beginning of new crops which promise 
more. Considering past events It Is cer- 
tain that at least most of the new under- 
takings will be established on llparltlc 
soil without taking greater risks on other 
soil. 

It was at the close of the last 
century that coffee culture , particularly 
the cultivation of Liberia coffee was 
started In Upper Serdang. It had a strik- 
ingly comet-llke existence: coming up rap- 
idly and splendidly, while not even 20 years 



SUMATRA »S PLANTATION RBOION— RISE OF COFFEE GROWING 


479 



Photo hy KLeiivsTotho 

Fig. 185. A quite flat portion of a Liberia coffee plantation on 
llparltlc tuff in Upper Serdang. The dark surface soil is still 
preserved, but the plantation is also young. 


later It had faded away. In the first 
years this crop stood out prominently, but 
then came the adversities of which the 
fall In price of the produce was certainly 
the foremost. Yet there were also diseases 
attacking the bushes as well as a serious 
plague of caterpillars. Moreover fatal 
erosion developed, and this completely 
stripped off the humus layer (see Figs. 

183 and l84). At the time It was contended 
that the gardens should always be main- 
tained under clean cultivation which ac- 
cording to the experience of the previous 
^0 years was believed to be the best method 
of culture. But later other considerations 
vere found to have more force. It Is not 
to be wondered at that when the less risky 
rubber cultivation arose, that, In general, 
the planters quite rapidly gave up the cul- 
tivation of Liberia coffee, replacing It by 


rubber, just as at an earlier time Liberia 
coffee had replaced other crops. 

Between 1910 and 1920 there was a 
revival of coffee planting, but this time 
It was Coffea robusta , used especially as a 
catch crop between the rubber trees. When 
the rubber trees matured this coffee was 
of course destined to disappear. 

Of the 40 estates, which In 1900 
had plantings of coffee, on 15 of them In 
1910 the Liberia coffee was out; but 15 new 
ones had come In. In 1920 on 28 of them the 
rest of the Liberia coffee had been cleared 
out. On the other hand 51 other estates had 
new robusta plantings. Thus In 1920 a total 
of 65 plantations had coffee. Between 1920 
and 1930 from fifty of these estates the 
plantings disappeared, while 5 new ones came 
In. But after 1950 the coffee disappeared 
almost entirely,, for In 1956 not a single 
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Photo hy Klelngrothe 

Fig. l84. Liberia coffee plantation on llparltic tuff In Upper 
Serdang. The humous surface soli has already disappeared. The 
white sand easily washes off (note the heap beside the road!). The 
stand of the coffee trees Is still excellent, but a few years later 


they will have disappeared. 

producing plantation is reported. Only 
one plantation maintained Its Liberia plan- 
tation more than 50 years. Within one- 
third of a century both the beginning and 
the end of coffee culture on the East Coast 
occurred. If Liberia and robusta are sepa- 
rated, then neither of the two kinds lasted 
more than 20 years. 


A godsend for the declining bank- 
rupt tobacco and coffee plantations was 
the rise of rubber cultivation. This first 


commenced with Ficus , but very soon there- 
after followed the planting of the much 
more productive Hevea , which has now entirely 
displaced the Ficus , because among other 
reasons the Hevea Is a relatively rapidly 
growing tree with extremely modest demands 
as to soil and climate. 

With respect to rubber, It is dif- 
ficult to say anything about the produc- 
tivity of the soil of Sumatra's East Coast 
since In the quarter century, within which 
this culture has come Into existence, there 
has been a continual selection of planting 
material, with new budded strains (clones) 
of greater productivity replacing the 
seedling trees. Now, still better clones 


105 . Data collected ft-om the Handb. v. cult, an Hla. Ondern (1895-1955)* 
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have replaced the earlier selections. 

These changes obscure any decline In the 
productive capacity of the soil, as a con- 
sequence of the cultivation of this crop. 
After all Hevea culture Is still too new 
to make a decision possible, but the se- 
lection for production explains why In the 
cultivation of rubber the average produc- 
tion figure per hectare continuously rises, 
while that for other crops falls, sometimes 
heavily. 

Thus for Sumatrans East Coast we 
find these rubber production figures: 

For the years: 1925, 1924, 1925, 1926, 1927, 1928, 


Kilos per Ha. 5^0 327 357 4l2 403 423 

1929, 1950, 1951, 1932, 1953^°'^ 


444 426 460 443 468 

A significant rise la quite apparent, and 
this Is still continuing, with yields of 
550-600 kgs. per hectare being probable 
In the near future. Comparing the figures 
for 193 ^, the average production on Java 
amounts to 4l4 kg. /ha., while on the other 
Islands than Java the plantations average 
but 363 kg. /ha. But this Indicates nothing 
about the "fertility" of the soils planted 
to Hevea on Java as contrasted with those 
of Sumatra. The Influence of methods of 
cultivation and especially the use of high 
producing clones In Sumatra far outbalance 
3otl factors. For that matter, In that 
same year 1934 the figures for Sumatra* s 
East Coast were 4^4, for Atjeh 428, and for 
Tapanoell 4^9 kg. /ha., so that the rest of 
the rubber regions outside of Java cannot 
average more than l45 kg. /ha. But without 
additional facta, to draw any conclusions 
from these figures la very dangerous. Yet 
ve may safely say that the differences 
between the cultivation of the plantation 
I’ubber and native rubber are Important fac- 
tors , 

Prom casual Inspection, the distri- 
ct ion of the rubber plantations over the 


region does not seem to have any connection 
with the soil type. But more than that we 
cannot now say. 


♦ # * # # 


A short time after commencli>g the 
cultivation of rubber, the planting of 
was begun on Sumatra *s East Coast, and par- 
ticularly In a definite region to the south 
and southwest of Slantar. While It Is true 
that much earlier some tea had been planted 
In Upper Dell, the terrain there was so 
rough that tea never developed Into a prof- 
itable crop. In Slantar the terrain being 
weakly rounded and sloping off gently toward 
the north and northeast. Is much more favor- 
able (see Pig. 185 , page 482). According to 
the map of Drulf, this region Is purely 
llparltlc. But still one cannot help won- 
! dering why almost all tea plantations lie 
so thick together while there are none In 
Raja, west from there, and only a few In 
Upper Tanah-Djawa and Asahan. According 
to the map just mentioned, the soil type 
In all these places Is the same. But there 
seems some reason to doubt this. It seems 
perfectly reasonable to suppose for example, 
that from the Slmbolon and the Slmarlto a 
particular Influence goes out or has gone 
out. This Influence finally reached the 
coast where the tobacco plantations "of the 
coast held out the longest and where Drulf 
established a divergent soil type. Since 
up to the present time Drulf has been em- 
ployed solely In researches connected with 
tobacco, the available data are still Inad- 
quate. 

According to the studies of 
Boerema the climate In the regions re- 
ferred to Is so entirely uniform that there 
Is no use searching In this direction. 

But a quarter century ago, when tea 
planting was begun In Slantar, It was then 
a step In the dark since at that time no 
one In the Netherlands Indies had had any 
experience In growing tea on llparltlc soils. 


106. ^atlBtlek v. aanpl., produc. aanpl. en produotle v/d gr. cult. v. Sum. 0. k., Atjeh en top., Ultg 
10 ®*^ A. V. R. 0. S. — (annually). 

7- Because of the consequences of rubber restriction, It would be meaningless to record here the flRuroe 
for the later years; 

Boon. Weekbl. 15 Febr. en 12 Jull 1935. 

5- J. Boerema, Regenr. H-deel Sum. 0. K., Verh. Observ. Batavia Ho. (1923). 




Fig. 186. Slantar. A young tea planting on llparltlc soil, vlth 
Iplllpll (Leucaena glauca) for green manure In rows "between It. 
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l{ovever when tea plucking commenced, the 
production exceeded all expectations. It 
true one can pluck quite coarsely, since 
tiie quality and the state of the market per- 
mit that, hut notwithstanding the coarse 
pluck, yet on various plantations the pluck 
can he repeated every 7 or 8 days for long 
periods while on Java the average time is 
10 days between plucklngs. In connection 
with changes In the requirements of the 
market, first In one region then In another 
there has been a gradual transition over to 
a finer pluck, which gives significantly 
less yield but higher quality. Still later 
(1933), as a result of restriction, the 
production was limited still more. Conse- 
quently when we look over the following 
aeries of figures for the average produc- 
tlon^^° of the entire tea producing area 
of Sumatra's East Coast, nothing Is to be 
deduced from them as to the productivity 
of the llparltlc soils for tea. 


Year I923, 

1924 , 

1929, 

1926 , 

1927, 

fig./het. 813 

808 

763 

754 

672 

1988, 

1929, 

1950, 

1931, 

1932 

Gi ‘,9 

672 

630 

670 



Ag is also true In the case of the other 
crops, certain cultivation measures for 
the maintenance and particularly for the 
increase of the fertility of the soli are 
taken by every planter. In the beginning, 
noro than 20 years ago, the clean weeding 
system was followed very generally for tea 
but even then there were endeavors by means 
cr terraces and digging of catch pits (see 
big. 183, page 482) to guard against the 
logs of the humous surface soil through 
erosion. Later, especially after 1916, 
the above-mentioned system was replaced 
fnore and more by that of 3 elective -weeding, 
there came into vogue the planting, of 
freon manures (see Fig. I86, page 482) be- 
tween the tea bushes. Because of root com- 
petition, not alone for plant food materl- 
but also for soil moisture, at the 
present time the planters are again much 


less optimistic with respect to "good na- 
tured" weeds and green manures. Artificial 
fertilizers, originally relegated quite Into 
the background, later came to be used more 
and more. But even now which of them Is 
the best cannot be stated with certainty. 
Thus In the course of time first one fea- 
ture and then another of plantation prac- 
tice Is altered. 

On Sumatra's East Coast somewhat 
later than the tea culture, the cultivation 
oil palms was commenced. If we study on 
the map where these plantations are located, 
nothing definite Is to be concluded as to 
the soil type. Oil palms make relatively 
heavy demands upon the soli, but these are 
of a general nature, such as a loose and 
mellow structure, but still with satisfac- 
torily water holding and water-supplying 
capacity, good aeration, and preferably a 
plentiful supply of plant food substances. 

On all convex lands, as on the red knolls, 
these palms do not do so well, since with 
but little drought they suffer from a lack 
of water. On heavy clay also they do but 
tolerably well, or even badly, due probably 
to lack of air and difficulty with the sup- 
ply of water. On submerged subaqueous 
soils they languish, unless good drainage 
can Improve the soli aeration. If however 
all these requirements are met, then since 
the climate provides an optimum of warmth, 
sunlight and moisture for this crop, and 
the llparltlc soil, on which most of the 
oil palms are standing, also appears to be 
favorable, so that as a result of the exem- 
plary cultural measures employed and proper 
working up of the crop the yield is high, 
higher than elsewhere In the world. 

With the appropriate modifications 
we can say the same of the culture of sisal . 
White made a special study^^^ of the soils 
on which sisal Is planted. The noteworthy 
point about sisal, which In origin Is a 
savanna plant. Is that if all the other 
hardly modest demands of this plant are 
provided for, Its need of humus seems to 
be only moderate. As the reader has al- 
ready seen this Is entirely different from 
tea. And It is also different from gambler 
which Is raised only In one place, In Asalian. 


^nlculated from the repeatedly mentioned annual etatlstice of the Hie. Ver. Medan and A. V. R. 0 . S. 
by dividing the respective flgiu'ee of “production" by those for the "productive plantings." llils is 
obviously but a rough api^oxlmatlon. — Such statistics are not available for the years before 1923 * 
See: J. Th. White, Toysmannia, 33 ( 1922 ), pp. 967 - 374 - 
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the soils of equatorial regions 


This is a crop very sensitive to and appre- 
ciative of humus. In the course of time as 
the humus disappears through turning by the 
sun and by erosion, the gambler yield also 
seriously declines. Just as with tobacco, 
the cultivation of gambler must shift about 
over the terrain, alternating with fallow 
and reforestation. But while with tobacco 
8 years fallow alternates with about 1 year 
of cultivation, gambler can be grown for a 
much longer time on the same land. But 
"after 7 to 8 years the driving force of 
the gambler is so exhausted that it Is no 
longer profitable to maintain the fields, 
so that unless Hevea or some other crop is | 
planted most times young forest Is allowed i 
to come In.”''^ On the contrary, for^the 
gardens of natives of Palembang Heyne 
records figures of 8 to 15 years produc- 
tivity, with good care 10 to 12, but with 
bad care only 5 or 6 years. Yet the culti- 
vation always runs out and then It must be 
started again on new forest land. 

That with a back country of much 
llparltlc, as well as dacltlc andesitic 
ash it Is obvious there should be a sandy 
coastal strip with many sandy ridges and 
sandy plains. Also for a long time, 9^^^^ 
have of course been planted by the natives 
on all of these coastal sandy soils. Later 
a few European coco plantations followed 
all lying in a strip approximately 5 to 10 
km. from the coast. But few particulars 
regarding coconut culture here are to be 
found in the literature. At present there 
Is nothing available on record regarding 
the productivity of the soil with respect 
to this crop, although doubtless very sig- 
nificant differences In yield could be 
shown, depending upcn whether the sandy 
ridges and flats are of llparltlc, dacltlc, 
or andesitic nature. 


* 


If we go into the above summary of 
important plantation crops. Involuntarily 
we conclude that the soli of Sumatra* s East 
Coast must Indeed be extraordinarily 


fertile. Yet that is only correct If the 
conditions are made good. If thesp soils 
receive to the full their requirements. 
Elsewhere In the Archipelago there are 
kinds of soils where a transgression In the 
correct handling of the soli Is not so di- 
rectly and not so very seriously revenged. 
The contrary Is- generally true of the soil 
types of Sumatra's East Coast, for the Dell 
soils are sensitive. This also appears to 
be the case when we consider figures of an - 
alyses and yield and compare them with simi- 
lar figures for other regions. 

It was in the typical tobacco grow- 
ing localities that soli samples were first 
collected and analyzed In the laboratory. 

In those days there was no adequate study of 
the soil as a whole. In the Communications 
of the Dell Experiment Station 1907-1913 
many such analytical figures have been pub- 
lished. But these figures do not lead to 
significant conclusions. For that matter, 
as long as the work was not done on a foun- 
dation such as that which Drulf has pro- 
vided, it could not be otherwise. 

It Is true that using the data, 
from chemical analyses bv the Dell Experi- 
ment Station^ Bongers^^^ has summarized 
the chemical characteristics, "making up 
surveys relating to the fertility that Is 
to say studying the figures for the N con- 
tent and the amounts of P, K and Ca soluble 
in HCl. He obtained the following averages 
(Table 98) and minima and maxima expressed 
in hundredths of percent by weight; 

The "groups” of Bongers are as 

follows: 

A = alluvium. In more or less broad 

strips along the coast, formed under 
the Influence of the sea. 

B = Mai'lne diluvium, the whole strip 
between A and the 100 m. contour 
line. 

Bi = B from Asahan to Serdang; (maritime 
llparltlc tuffs). 

B 2 = B In West Langkat; (the same origin 
as Bi ) . 

Ba = B covered by andesitic material. 

Cl = primary llparltlc tuff soils above 
the 100 m. contour. In Slantar. 


112 . B. Geiger, Die Gonblrlcultur auf Oeteumatra, &openpfl., (1935), P- 69- 


( 1907 - 1915 )- 

115 . H. C. Bongers, Meded. Landb. Voorl. 


dlenat (Dept. L. B. H.), Bo. 5 (1920). 
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Table 98 



] 


P 2 O 5 

K2O 

CaO 

Soil Cbroup 

Average 

Min. -Max. 

Average 1 

Min . -Max . 1 

Average 1 

Min. -Max. 

Average 1 

Min. -Max. 

A 

24 

8-222 

1 

Hundred 

6 

1 

.the per cent 

0-51 

by weight 1 

12 

2-55 

1 

35 

8-195 

Bi 

19 

12- 74 

2 

tr- 7 

20 

2-57 

l4 

5 - 28 . 

B? 

25 

11 - 72 

5 

tr-l4 

11 

1-55 

15 

1 - 27 

Bs 

52 

6-136 

5 

tr-l 8 

9 

tr-55 

20 

2- 49 

Cl 

15 

9 - 28 

1 

tr- 5 

15 

9-28 

6 

5- 10 

C2 

26 

18- 57 

1 

tr- 7 

6 

5-12 

7 

2 - 12 

D 

15 

3- 19 

2 

2- 2 

11 

9-15 

5 

2 - h 


C 2 = the same, in Upper Langkat, 

D = Tertiary soils, In Vest Langkat. 

But now on the basis of the recent 
map by Drulf, this grouping Is seen to be 
Irrational. Moreover, the locations are 
too vague, so that no definite conclusions 
can be arrived at. Even so, there are two 
reasons for Including these figures here: 

1. In order to be able to compare 
them with figures obtained In a similar 
manner elsewhere In the Netherlands Indies, 
even though the possible comparisons are 
only very general. 

2. In order to let It be seen, how 
astonishingly divergent they are, even 
within related groups. 

As to the mechanical analyses 
(granular composition) of the samples of 
the soils of Sumatra’s East Coast, the Dell 
Experiment Station^ between 1910 and 1913 
carried out a respectable number (379) of 
determinations. Unfortunately, however, 
these are practically worthless, because 
l3t--3lnce only the plantation (sometimes 
only tl^e sender’s name) Is given, we do not 
know either the exact place of sampling, 
nor the soli type, nor anything about the 
horizon or layer from which the sample was 
taken, nor the thickness of the horizon. 

And 2nd--slnce the division Into fractions 
of different grain size was not carried out 
far enough, and nothing Is recorded about 


the nature of the fractions obtained. 

Neither the color nor the consistency char- 
acteristics, nor anything about the mlner- 
aloglcal composition Is recorded. 

In his thesis Van Heurn has 
given the mechanical analysis of a profile ■' 
sampled in a pit at Kampong Baroe, 4 km. 
south from Medan and already described else- 
where.^^® According to Drulf’ s map this 
point falls In the "old dacltic lahar." 

How thick this lahar Is at that place, how- 
ever, Is not known, though It Is most prob- 
ably more than the 7 m. of the profile re- 
ferred to. According to the analysis given, 
this profile Is certainly not of material 
deposited all at one time. For that matter 
Van Heurn himself differentiated many. layers. 
It seems worth while to Include these 15 
analyses, with the figures rounded to whole 
percentages (see Table 99, page *486), 

What strikes one at once In these 
analyses Is the high percentage of medium 
and fine sand, between 500 and 1,000 mu for 
the coarser numbers , between 200 and 20 mu 
for the finer. If one keeps in mind that 
sand above 200 mu Is very pervious, but 
only slightly water holding, while on the 
contrary fine sand between 200 and 20 mu Is 
also satisfactorily pervious, although It 
Is much better able to hold water in the 
pores. Then one sees with satisfaction that 
with perhaps the exception of the last 2 
numbers all these soil layers are quite 
nicely water holding and those which I have 
called "loam"^^® are particularly so as Is 

500. 


U6. Meded. Dellproefet. V, 527-555; VI, 296 and YII. 

117. F. C. Van Heurn, De gronden v/h cult. get. v. Sum. Oostkust enz., Dies Dalft (1922), p. 99. 

118- F. C. Van Heurn, Meded. Alg. Proefst. A. V. R. 0. S., Alg. Sorio IV (1918), Fig. I. 

119. The last column I have added to the table, since some of the names used by Van Heurn (Nos. 2, 7, 10, 
12) are quite divergent from uhose usually used. 
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Table 99 


MSCHAWICAL AKALISIS OF A SOIL PROPIUB AT KAMPONG BAROE, MEDAN 


No. 

Depth 

In m. 
Approx . 

I 

2-1 

II 

1-0.5 

III 

0.5-0.25 

nnn. 

IV 

0.25-0.10 

V 

0.10-0.05 

nna. 

VI 

50-20 

mu 

VII 

20-5 

mu 

VIII 

5-2 

mu 

IX 

2-0.5 

mu 

X 

10BB than 0.5 

mu 

Van Heurn'B 

Names 

My Suggested 

Texture Name a 

I a 

1/10 

2 

4 

20 

26 

17 

8 

7 

9 

4 

5 


Medium sandy loam 

I b 

1/4 

1 

4 

25 

30 

15 

6 

5 

7 

4 

4 


11 It M 

2 

1/2 

1 

4 

4l 

40 

6 ’ 

2 

1 

2 

1 

2 

• Sandy clay 

Somewhat loamy Band 

5 

1 

0 

1 

15 

47 

16 

7 

4 

4 

2 

4 


loamy fine sand 

k 

1 1/2 

0 

0 

3 

16 

55 

21 

9 

8 

5 

5 


very fine sandy loam 

5 

2 

1 

3 

28 

30 

15 

6 

4 

5 

5 

7 

Sandy brown 

Sandy loam, loamy fine 

6 

2 1/2 

1 

3 

18 

28 

24 

10 

5 

6 

2 

5 

earth 

sand 

7 

3 

1 

1 

4 

18 

38 

17 

5 

4 

2 ! 

10 

• clay 

Very fine sandy loam 

8 

3 1/2 

0 

2 

15 

41 

25 

8 

3 ' 

2 

1 

3 

Band 

Loamy fine sand 

9 

4 

3 

3 

24 

47 

17 

2 

1 

1 

1 i 

2 

sand 

Somewhat loajtiy Band 

10 

4 1/2 

0 

0 

9 

40 

55 

12 

2 

1 

1 j 

1 

BHiidy c]ay 

Somewhat loamy fine sand 

11 

5 

6 

9 

40 

25 

15 

4 

1 

1 

i 

1 

sand 

Sand 

12 

5 1/2 

0 

0 

7 

32 

41 

15 

2 

1 

1 ! 

1 

sandy clay 

Somewhat loamy fine sand 

13 

6 1 

0 

1 

11 

48 

30 

6 

1 1 

1 

1 i 

1 


Fine sand 

It 

6 1/2 

3 

11 

53 

50 

2 

0 

0 

0 

0 i 

1 

Band 

Sand 

15 

7 

5 

9 

48 

34 

5 

0 

0 1 
1 

0 

0 

0 


Sand 


true of the cultivated soil In the same 
"old daclte" tract. The sand of this soil 
consists to a great extent of plagioclases 
(richer both in sodium and in lime), horn- 
blende, hypersthene, volcanic glass, iron 
ore, some quartz and iron ore.^^^^ It thus 
contains a considerable reserve of plant 
foot materials. 

If we now compare the mechanical 
analyses of these dacltic lands with simi- 
lar analyses of Siantar soils, which we 
may accept as having originated from llpa- 
ritlc ash, then a marked difference is 
evident. Deuss has published a larg.e num- 
ber of mechanical analyses, practically 
all of samples from existing or prr ;pective 
tea gardens, and for this reason roughly 
localized geographically. All these soils 
have the common feature that in them the 
fractions I00--to 30 mu and 30-20 mu, thus 
the very fine sands, are essentially lack- 
ing. Below is a selection from the total 
of about 300 analyses. It is a series in 
which the percentage of coarse fractions 
decreases as the proportion of the fine 
particles increases. This indicates that 


in the series the rapidly weathering volcanic 
glass gradually disappears and goes over inio 
clay, or at least Into extremely fine, col- 
loidal material. At the same time this 
transformation increases the water capacity, 
as is evident in the liquid limit, and 
likewise the hygroscoplclty, a value coin- 
ciding approximately with the point of color 
change. These same features are evident in 
the Atterberg consistency figures, re- 
corded at the same time (see Table 100, payo 
487). 

In contrast with the Deli soils, 
there is no mention of "loam," for the 
fractions V (0.1-0.03 mm.) - VIII (2-3 mu.) 
are the very ones present in only very 
small quantities. As is shown by a com- 
parison of the fractions I - III of these 
soils with those of the previous table, the 
llparltic ash begins as sand. The glassy 
part (pumice stone) then weathers, convorl- 
Ing the sand into clayey sand, thereafter 
into sandy clay.^^^ There really isn’t any 
true clay--thi3 soil type has too little 
stlckness (note the always positive surplus). 
A better name for this soil is a brownish 


120. Cf.: J. H. Urulf, Bull. Dellproefst. , ^ (1954), Table X. 

121. J. J. B. Deuse, Theegronden v. Java en Sum., Medod. Proefst. Thee, pp. 102-114. 

122. Cf.: E. C. J. Mohr, Meth. Atterb. t. bop. consit. cljfers, enz., Meded. Labor Agrogeol. en Grondond., 

I (1915)- • 

123 . Also Deuss ( l. c ., p. 49) calls the Siantar soils sandy clay. VHilt© (Teysmannla, ^ (1922), pp- ‘’^3^ 
373 calls them sandy sabulous clay soils; in cariparison with what is called sandy clay In ^he Nether- 
lands these of Siantar however possess much too much of the fraction less than 2 mu. But as it hap- 
pens that as long as the conception "sabulous" Is still today so poorly defined, the use of It in tte 
Indies certainly cannot be recommended. 
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Table 100 


MECHANICAL ANALYSES AND ATTERBERG CONSISTENCY VALUES OF SOME TEA SOII^ 



yellow sandy lixivium. 

Under tne allochthonous soil types, 
formed from llparltlc material, there 
naturally occur granular compositions of 
diverse combinations, with consequently 
correspondingly variable physical charac- 
teristics. Isn't It always the case that 
in the low lands the water deposits here 
a sand bank or sandy stream bank, there a 
loamy light soil or even heavy clay 7^*^^ 

And then through reduction and leaching of 
the Iron, the yellow to reddish brown 
colors of the deposits become more gray and 
bluish gray. But also in the higher land 
Increased plasticity and decreased perme- 
ability can result from the clay (less 
than 2 mu) being washed down through the 
soil Into the deeper horizons. In this 
connection Deuss says:^^^ ’’The silt of 
the Siantar soils can very strongly run 
together and become only slightly pervious. 
Vliere the humus content is not high, this 
imperviousness does not decrease suffi- 
ciently. For various reasons endeavors to 
get tea plants to grow In the silt alone 
vere an entire failure, one reason being 
the strong "running-together" of this slit. 
The practical man has, however, learned 
that the existing relation of sand to silt 
in the Siantar soils is favorable, so that 
these soils must be Included with the ex- 
cellent plantation soils." Meanwhile, for 
the perviousness as well as for the water 
capacity, I am IncllnvOd to consider a gen- 
snous percentage of well divided humus 
still more Important than the ratio of sand 


to slit. 

Regarding the Atterberg consistency 
figures Deuss says:^*^^ "The figure for the 
maximum water capacity seldom exceeds ^0 
and Is thus low. If the favorable climate 
did not provide an equable and adequate 
rainfall throughout the whole year, the 
soil would thus very quickly become too 
dry for the plants." (Table 95, page 426.) 
"In general the perviousness Is so high 
that at times too much water is rapidly 
and easily carried off. If these soils 
were on Java, In a region with a pronounced 
east monsoon, then they would dry out too 
strongly and then would appear to have per- 
haps too small an available water capacity 
for the tea plants . " 

This might explain why a deep- 
rooted shrub like tea can grow well on 
such soils, while with unfavorable weather 
shallow rooted crops such as rice and maize 
rapidly go bad unless they are planted down 
deep In those ravines where adequate ground 
water Is to be found close to or at the 
surface. 

It Is lucky that in the tobacco 
region, formed by the dacltlc and andesitic 
lahars, and especially In the allochthonous 
lowlands, the loamy types of soli, with a 
large content of the fractions V ( 0.1-0. 05 
mm.) - VIII (5-2 mu.), especially V (O.l- 
0.05 mm.) - VI (50-20 mu.), predominate. 
Thus It Is that these soils have an ade- 
quate water capacity, can hold the rain 
water properly by capillarity, and dre yet 
heavy enough to strongly retard the water 


i2H, Cf.: Van Heurn, 1. o . (1922), pp. 101-102. 
i25. Deuss, 1 . o . , pp. 49-50* 



488 


THE SOILS OF EQUATORIAL REGIONS 


movement. In a coarser sandy soli the 
soil water can move extremely easily and 
thus also sink away, and all too frequently 
that is why water Is lacking just when the 
plant roots have need of It. In heavy clay 
much water Is present In the fine capil- 
laries but the mobility Is so low that when 
the roots at last have taken It away, water 
moves In only too slowly. For the roots 
this merely signifies a lack of water. 

Loamy sandy soli or fine sandy loam Is 
thus the best for such a plant as the Dell 
tobacco, which In a short time must grow 
rapidly. Prom this viewpoint also, there 
Is then no better soil for Its cultivation 
than the previously mentioned Dell type, 
which Is also found elsewhere In the Nether- 
lands Indies on similar juvenile deposits 
of fine volcanic ash, such as occur on 
Java, Ball, etc. 

Clays which are so heavy that they 
may be called "physiologically dry" since 
the tobacco cannot draw out water rapidly 
enough from them, hardly occur at all on 
Sumatrans East Coast. Though the term 
"white clay sections", Is used there, actu- 
ally the material referred to Is always a 
more or less sand-rich white loam, of which. 
If clods dry out In the sun they become 
hard blocks, but never so hard but that 
they cannot be broken up with the cultivat- 
ing Implements. If the soil really were a 
heavy clay. In times of long continued 
drought It would crack open several centi- 
meters broad, and a meter or more deep. I 
have never observed such cracks In that 
region. The mechanical analyses also Indi- 
cate that It Is very Improbable that such 
pronounced cracking will be true of any 
soil type of any considerable extent In 
these regions. 

An Important factor In these rela- 
tionships Is also the humus In the soil. 
Humus raises the water capacity and at the 
same time Increases the mobility of the 
water. It makes the soil loose and in a 
humous soil a plant like tobacco can more 
rapidly fom a large root network. It Is 
a onesidedness, a misunderstanding, to con- 
sider the good effects of humus only from 
a chemical point of view. Physically, 
through Its Influence on the water supply 
of the plants Its Influence Is at least as 
great, probably most times even greater. 

But not alone for the water supply 
of the plants Is this movablllty of water 


In the soli so Important. It Is also uaerui 
In supplying the plant with all kinds of 
nutrient substances. Thus we come back to 
the chemical side of the question. Here ve 
may well touch upon a marked change In the 
point of view during the last few years aa 
to the taking up of food substances from 
the soli. Formerly- It was supposed that 
the roots, as It were, drank up the soil 
moisture. If thus a substance, say phos- 
phorus, occurred In the soli moisture In 
a concentration of, for example, 1 rag. per 
liter, and a full grown plant upon analyala 
of all the parts contained In the whole 
thing say 10 grams phosphorus or 10,000 mg. 
then It meant that the plant also must have 
taken up 10,000 liters of water and except 
for the perhaps close to 5 liters water, 
which It contained at time of analysis, it, 
must have transpired 9>995 liters. However 
this appeared to be Impossible, as pot ex- 
periments very quickly showed. Then the 
reasoning ran thus: Per day the plant trans- 
pires but 1 liter water; In the 200 days of 
Its existence thus at most 200 liters; that 
Is, but l/bOth of the amount of water 
needed, hence if the plant Is to grow well 
the concentration of phosphorus would also 
have to be 90 x greater or 90 mg. /liter. 

At present however, we know that the roots 
are In no sense obliged to suck up, to 
drink In the soil moisture as It Is, but 
that up to a certain point they take up 
what they wish from It, and what Is left 
over, l.e. water, they do not take In. 

This being the case the same water can do 
service many times over; after It has de- 
livered Its phosphorus to the root It again 
diffuses away to other places, where It can 
dissolve some more phosphorus and come back 
with new provisions to the root tip. But 
what Is particularly necessary Is that the 
water can actually diffuse with sufficient 
speed back and forth through the soli, or 
that there exists an adequate water connec- 
tion between the root tip and the place 
where the supply of phosphorus lies, so 
that the phosphorus can diffuse In the 
water from the one place to the other. lu 
other words, either there should be an ade- 
quate water movement In the soil or an ade- 
quately ramifying and wlde-canal water net, 
preferably both. Then If there Is present 
enough plant food, and If these plant nu- 
trients dissolve sufficiently rapidly In 
that freed water, the situation Is favorable^ 
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and the plant can get along with a good 
deal less water from rain or from other 
sources. This I3 the case In a light, 
humous loam, with large pore spaces, but 
In heavy clay the pores are much too nar- 
row and the diffusion Is thus quite Inade- 
quate. 

Coming back to the chemical analy- 
sis of the soil samples, we can now say 
that It Is relatively unimportant whether 
from one soli somewhat more phosphorus 
and/or any other plant food materials can 
he dissolved In strong, boiling acid than 
from another soli. The real question Is: 

Tn which soil can the plants get possession 
of the necessary plant food materials most 
rapidly and most easily? Such a soil Is 
not necessarily the soil which upon analy- 
sis gives the highest figures, although of 
course an analysis will give some Indica- 
tion. Obviously a plant will not be able 
to obtain much phosphorus from a soli which 
upon analysis doesn*! give any phosphorus. 
Yet plants sometimes furnish some remark- 
able surprises In this direction. This 
makes problematical the value of the fig- 
ures ’’relating to the fertility” (see 
Table 98, page 489) from Boners, and In 
f^eneral the numerous (l,300) analyses of 
the Dell Experiment Station during the 
course of about 29 years. Especially In 
the case of soils with a large water move- 
ment and an abundant supply of water, one 
must be cautious In concluding that low 
analysis figures obtained by such labora- 
tory methods Indicate a lack In the soil. 

Without having figures from deeper 
horizons as well, it Is likewise dangerous 
to conclude from the chemical analysis of 
'i humous surface soil that the soli at that 
point Is rich. All too often through cul- 
tivation and erosion the humous surface 
aoil I3 lost, and when this hapjiens there 
ta but little connection between tlio fig- 
ures for the original surface soil and for 
the character of the soil remaining. In 
the case of the chemical analyses by 
Deuss,^^’^ which, except for two, about all 
the 120 are of surface soil (a) only, the 
af’orementloned objection is not so serious, 
since ’’most of the pits were dug 1 m. deep.” 


Thus the "surface analyzed Is to a depth 
of 1 m. as only A Is given. It will be 
quite some little time yet before all this 
1 m. thickness is eroded away. But If 
this "surface soil” Is not homogeneous, 
that Is to say, If It consists of various 
layers or horizons, which were only mixed 
when the sample was studied, then for the 
practical man the analyses are only of 
very moderate value. 

However such analytical data are 
many times very useful for comparison. If 
we place the average, the maxima, and minima 
of the figures found for total organic mat- 
ter, matlere noire, N in the total organic 
matter, and In the matlere noire, acid- 
soluble and available P2O5 and CaO of the 
preceding table from Deuss for the Slantar 
soils along side those of diverse tea soils 
of Java, then for example the Pengalengan 
and Patoeha forest soils come out on top^^® 
(see Table 101, page 490). 

But, says Deuss, "the great depth 
of the Slantar soils enables the plants to 
profit strikingly by the little humus that 
there Is, and this is shown by the well 
known luxuriant growth. If a soil Is loose, 
friable, and deep, then even a small per- 
centage of humus can still achieve wonders.” 
The reader can understand that It Is espe- 
cially the ability of the water to move 
about readily which Is here a principal 
factor. 




Let us now pass on to the considera- 
tion of a few figures of yield . In the 
first place It Is not out of place to recall 
that Dell tobacco Is not a quantity but a 
quality product, so that quality Is always 
worked for to a predominating degree. This 
however does not deny that quantity also 
plays a role, especially in the lowering 
of the cost of production per kilogram. In 
the early days, according to tradition^ 
when the plantings could still be made on 
virgin tropical high forest land, there was 
obtained from an entire division I6 to 18 


L. c . , pp. 59-126. 

L. c . , p. 58. 

Tliese averages I have calculated from the table of Deuss, 1« c » 
Figures for years previous to I898 have not been published. 
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Table 101 


Constituents 

Tea Soils of 

Slantar, (about 120 samples) 
Sumatra 

Pengalengan, (about 24 sample 0 ) 
Java 

Organic matter 

Matl^re noire 

Nitrogen, total 

Nitrogen in the matibre noire .... 

PgO;: HCl soluble 

P^O 5 Citric acid soluble 

CaO HCl soluble 

i 

4.87 (16.05 -0.65 ) 

1.15 ( 2.51 -0.15 ) 

0.21 ( 0.76 -0.04 ) 

0.048 ( 0.27 -0.01 ) 

0.025 ( 0.079-0.006) 

0.0061 ( O.026-O.OO2) 

0.161 ( 0.550-0.022) 

I’ 

9.88 (28.6 -4.0 ) 

5.1*6 ( 5.50 -1.89 ) 

0.58 ( 0.80 -0.29 ) 

0.149 ( 0.280-0.055) 

0.150 ( 0.400-0.028) 

0.0192 ( 0.050-0.008) 

0.750 ( 5.18 -0.10 ) 


plcul3 per field (from 1,900 to 1,600 kg./ 
ha.). We cannot, however, accept these as 
average figures. Through modifications 
in cultural methods (different methods of 
harvesting and selection) in connection 
with Chang, es in the requirements of the 
market (thin, light, and tawny colored 
loaf), the culture of today cannot properly 
be compared with that of 90 to 60 years 
ago. From the annual statistics by Dentz 
the following figures (Table 102) have been 


Thus since 1898 the average yield 
has been Increasing rather than decreasing. 
Especially is this true for the last few 
years, since at present there is a much 
more rigid selection of suitable soil, so 
that fields with unfavorable soil condi- 
tions, promising only disappointment, are 
left unplanted. 

De Vlres^^^ presents the following 
comparisons (see Table 103 below). 

In Deli De Vries^^^ also recorded: 


taken: 


Table 102 


Tobacco Yields Tobacco Yields 

1892-1919 (entire east coast) 10.04 piculs per field, about 980 kg. /ha. 

1916-1919 ( " " " ) 10.77 ” " " ” kg //ha. 

192O-I954 (4 largest companlos) 1,015 kg. /ha. 

1933-I93I1 (" ” " ) 1,168 kg./hrf. 


Table IO5 


Tobacco Yields 

Dell, Sumatra normal harvest about 1,100 kg. /ha. 

The PrlnclpalltleB of Java " " " 1,500-1,600 kg. /ha. 

Beeookl, Java " " " 900 kg. /ha. 


131. Dentz and van der Breggen, Sumatra tabak; later: Sumatra-en-Javatabak. Annual Publication. 

132. 0. de Vries, Tabak, Onze Kolon. Landb. VIII, 3o dr. (1926), p. 96. 

133. De Vries, 1. c ., p. 21. 
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lyif to 1,^80 kg. /ha.., depending upon the 
prevalence of disease. Thus these figures 
fall quite in line with those already above 
recorded (Table 102, page 490), but show 
at the same time the great variability in 
yield of the Deli tobacco fields and hence 
the difficulty of coming to any conclusions 
about the particular features of the soil 
based upon the yields. 

With regard to tea we have already 
sufficiently discussed on pages 481-483 the 
yields for Siantar from 1923 to 1924; and 
also the production of rubber on pages 480- 
481. 

It is hardly worth while to dis- 
cuss in a similar way for Sumaf,ra*s East 
Coast, yields for such crops as fibres and 
oil palms, because from the literature 
there is not to be obtained sufficient data 
bearing upon the productivity of the soil. 


* * * * * 


And now coming to tiie agriculture 
of the native people , the cultivation of 
rice is the first crop to be mentioned. In 
the East Coast paddies are found only in 
Siantar and adjacent, country, thus within 
ttio liparltic region. Before the occupa- 
tion of the largest part of the arable area 
ot' Langkat, Doll and Serdang by the largo 
scale plantation crops, the most extremely 
sparse population liad land enough available 
30 that they could carry on kalhgln agri- 
culture, a type which requires less care 
and application. Sometime lat.or in Dell a 
plantation once experimented with i)addy 
cultivation, the results, however, were no', 
favorable. 

First in 1913 the natives at Tlga 
Balata made a beginning by constructing a 
canal for the irrigation of rice fields. 
Another district followed. On the initia- 
tive of the Ministry of the Interior, the 
Government took the irrigation in liand, 
and all kinds of irrigation schemes were 


then laid out. Prom the beginning these 
put to shame the original predictions that 
the results would not be very good because, 
according to analyses, both the soil and 
the irrigation water were relatively poor 
in comparison with those of the good rice 
districts of Java. It was a bad guess. I 
must admit that in the beginning (l919) 
with respect to these irrigation works 
neither did I have any high expectations. 
Later on, however, I endeavored to explain 
the great success in this way; The soil 
was, and still is, very pervious; as a 
consequence in contrast with the soils of 
Java, where 1 to 3 liters/second/ hectare 
of water Is enough to properly maintain 
the paddies under water, here 9 to 10 liters, 
thus approximately 3 times as much water 
must be applied. In the still relatively 
loose ground an extensive network of roots 
can develop. By this means, from the great- 
er quantity of water which can move in the 
soil, the rice plant obtains an approxi- 
mately adequate supply of plant food materi- 
als. Already, regarding the IQIY to 1920 
figures for harvest, Van Heurn^^^ stated 
that the average was 4 1.4 quintals/ hectare 
dry paddy, and compared It with Java's fig- 
ures of* 21 to 24.4 qu./ha. Tidernan^"’ gives 
figures for (wet) rice per hectare which 
calculated in the same way, amount to 33. y 
to 4b. 9 qu./ha/ dry paddy for the Ba.h Korah 
region, 36 qu./ha. dry paddy for Tlga Belata 
and Dolok Merlawan, and about 23, o qu./ha. 
for Bandar Mcratoer (near Perdagangan) . 
Statius Muller^^^ accepts finally for the 
year 1924-1930 for the best region (Panombean) 
yield figures varying between 44 and 6l 
quintals per iiectare dry paddy, and for the 
poorest region (Perdagangan) figures be- 
tween 22 nnd 29 qu./ha. dry paddy. 

In the Dell Crt. of 2v8 Jan., 193b 
are recorded similar locally representative 
figures wliicVi I have converted, with the 
following result: "The yield during the 
last years is 21-49 qu./ha. and averages 
of 30.9 qu./ha. in 1933 were reached and 
almost 32 qu./ha. in 1934. P'or such 


j. Tldeinan, Simeloengoen (Leiden, 1922), p. 260 ff. 

G3‘). This IB Btlll the case; It is however quite conceivable that with a few decades of regular irriga- 
tion the pervlousnesB and thus the water requir -raent will decrease; probably however such a cnangc 
will be accompanied by a greater fortilizor requirement. Cf. Doll Crt. ol 28 Jan. 1930* 

G 36 . F. C. van Heurn, Jhr., Grond. Cult. geb. Sum. O.k-ust, enz (Amsterdam, 1922), pp. 103-104. 

G37. L. c ., p. 267. 

138. G. A. L. Statius Muller, Irrlgatle t. Oostk. v. Sura., De Waters!. -Ing. , (l93l). P- 510. 
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regions 36-57 qu./ha. are no longer any 
exception.” 

The reader will already have re- 
marked that In the 13 to 20 years that the 
Slantar Irrigation has been In existence, 
there has been a decline In the average 
harvests of from about 4l to approximately 
31 qu./ha. lowland paddy. The future may 
reveal what the reason Is for thls.^^® 

The harvests are still very excellent, just 
about as In East Java, but they are no 
longer so fabulous as In the very first 
years, when It was still possible to lay 
out paddles directly on virgin land or at 
least on soils which had been used only 
for extensive cultivation. Prom the na- 
ture of the case the like of that occurs 
but seldom In the Archipelago, 

The kalngln rice production of the 
East Coast Is in no sense different or out- 
standing In contrast with that In the other 
parts of the Netherlands Indies. For Slme- 
loengoen Tldeman^^° records: "A good kaifi- 
gln produces about 23 piculs paddy, per 
hectare," which Is about 13 qu./ha. Most 
probably this refers to llparltlc soils, 

A definite choice of soils of 
definite soil types for rice cultivation 
In connection with the map of Drulf, has 
not yet appeared. Brlnkgreve^'* gives a 
survey of the culture forms In Langkat, he 
does not however tie these directly to the 
soil types but rather to the land 
rights, etc. It Is notable that the yields 
of the several following groups vary so 
little: 

a. Agriculture on free lands along the 
coast (swamp paddles) 11 to 13 qu./ 
ha, paddy (unhusked). 

b. Agriculture on free lands between 
concessions and forest reserves 13 to 
17 qu./ha. paddy. 

c. Gardens near larger towns and along 
the roads --no rice, 

d. Paddy on harvested tobacco fields 
(djaloerans) about 13 qu./ha.^**^ 


e. Agriculture on allotted concession 
lands, no djaloerans, 9 qu./ha. paddy. 

f. Agriculture on native exchange lands 
In rubber and oil palm concessions, 
l8 qu./ha. paddy. 

g. Agriculture on allotted lands of 
tobacco plantations \dilch have been 
converted Into rubber plantations, 

13 qu./ha. paddy. 

* * * # * 


These yields, with an average of 
approximately 13 quintals per hectare are 
not high; indeed, they are very poor In 
comparison with the figures of yields of 
forest kalflglns close to the boundary of 
Atjeh on Tertiary soils, whlch^'*'* the 
first year gave a yield of approximately 
33 quintals per hectare, and the second 
year about 26 quintals per hectare. 

The figures, for Langkat are In 
astonishingly close agreement with those 
which were recorded above on pages 437-460 
for the Batak Lands and Slmeloengoen. 

Finally, If we compare the above- 
mentioned yields of rice of Sumatra's East 
Coast with those of the countries which 
surround the Netherlands Indies (Table 104 , 
page 493 ), especially when one takes Into 
consideration the well-known Intensive 
cultivation, selection of varieties and 
heavy fertilization In countries such as 
Japan and Formosa, then the Blantar paddles 
make Indeed a very good showing. It Is nov 
very Interesting to speculate as to whether 
or not In the coning decades Slantar will 
hold this high place or take a more or less 
lower place. In either case, the outcome 
of Irrigation undertakings of this nature 
shows that it Is to be reconsidered whether 
through the laying out of more Irrigation 
systems on similar, but at present still 
unused land, such as In Tanah Djawa and 
Asahan, the rice production of the country 

the rice culture 


139. Since 1929 the Agricultural Extension Service have not published any data regarding 
of Slantar. 

140. J. Tldeman, 1. c ., p. 125, already cited on p. 458 . 

141. J. H. Brlnkgreve, Ini. Landb. in Langkat, Landouw VIII (1932), p. 209-241. 

142. Brlnkgreve, 1. c ., p. 226. 

145 . This figure was calculated from Brlnkgreve »s yield figure of 150,000 piculs for 1930 (P* ^34) 

divided by the estimated number of tobacco fields, for 1929 taken from the tobacco statistics 
DentB and Van der Breggen. 
l44. Brlnkgreve, 1. c ., p. 229. 
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Tatle 104 


RICE YIELDS IN ASU AND MALAYSU 



Koens ^ 

Qulnti 

Smlts ^ 

ale per Hectaj 

Wulff ® 

re 


Japan 

36 

34 

3^ 

quintals per hectare 

Slantar 

1 

— 

25 ^ 

unhusked dry paddy ^ 

FIJI 

22 

~ 

— 


Formosa 

21 

— 

— 


Korea 

20 1 

— 

17 


Java and Madoera 

— 

17 

15 


Burma 

— 

17 

15 


Thailand (Slam) 

— 

16 

18 


British India 

i 

16 

14 


Netherlands Indies as a whole 

15 to 16 

— 

— 


French Indo-China 

— 

12 

12 


Philippine Islands 

— - — 1 

1 

12 

12 

1 



1. A. W. Koena, Rljat rondom de Pacific, Kolon. Stud. I, (1929), 304. 

2. M. B. Smite, Rljetsltuatle, enz., Meded. Afd. Landb., Bultenzorg, I 7 (l930)* 

3 . A. Wulff, Rljetproductle v. N. I., enz. Lbk. Ts. ^ (1935); 22^. 

4. Average figure, calculated from 50 plcula per hectare wet paddy = 3 I quintals per hectare paddy. 

In order to be able to compare these figures with others mentioned In this book, conversion ratios 
are; 1 qu./ha. upland or hill paddy (gaba) = about 4/3 piculs per bouw upland paddy = about 3/3 piculs 
per bouw lowland paddy. This is because lowland paddy (grown on flooded land) weighs between I 5 and 
20^ more per unit volume than upland paddy (grown on non-flooded uplands). — R. L. P. cf. footnote 
lf‘'3, page 502 . 


can be raised considerably and perhaps 
through that in the course of a long time, 
more can be raised for local consumption, 
so that there will be less dependence upon 
Imports . 

Of the rest of the native crops, 
rubber Is at present certainly the foremost. 
It Is especially to be found in the west- 
northwest, In Langkat, but also In the 
east-southeast. In East Asahan. There Is 
however no soil requirement which deter- 
mines Its extension. Cocos have already 
been mentioned on page 484 . The earlier 
nutmeg culture and the pepper gardens have 
laded away. 

And finally, just one remark about 
the future. Regarding the outermost coast- 
al strip, some time ago^^^ I remarked upon 
Its significance, referring particularly 
to Dell and Langkat. With reference to 
vhat was said there, I may now merely add 
that with reference to diking, and draining 
Q^nd bringing into cultivation of this 


coastal strip, the new map of*Drulf, (Fig. 
180) which has been discussed above on 
page 471, strongly confirms the earlier 
good expectations. 




5 . THE WEST SUMATRA MOUNTAINS BETWEEN 
THE BATAK LANDS AND ‘THE 
PIEK VAN KORINTJI 

In addition to Sumatra's West Coast, 
this region also comprises a large part of 
the Residency of Tapanoell. It may roughly 
be described as a strip parallel to the 
west coast, of approximately 110 to l 40 km. 
breadth. In the north bounded by a line per- 
pendicular to the coast, running over Batang 
Toroe; and In the south by a similar line 
over Balalselasa. Especially because of 
Its topographic, and. In general, Its natural 


^^5. E. C. J. Mohr, Tropical soil-forming processes and the development of tropical soils, with special 
reference to Java and Sumatra (translated by Robert L. Pendleton) , National Geological Survey of 
China (Peiping, 1933), P- 196. 
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situation the above-mentioned region lends 
itself particularly to treatment as a unit 
in a single chapter. 

Soil-Forming Rocks 

In continuation of the general dis- 
cussion of the 3 oil -forming rocks for all 
Sumatra (see pages 4l6-420), the considera- 
tion here can bo relatively brief . 

If a volcano had never existed in 
this part of Sumatra the structure of the 
mountains over this entire region would 
have remained about as simple and relative- 
ly uniform as it is now in that remaining 
portion of the region devoid of volcanic 
eruptions or products, between Padang Sl- 
dempoean and Pandjaboengan. This part of 
Tapanoeli Zwierzyckl^^"’ described in these 
words: "To the south of the Batak Lands 
there begins the characteristic landscape 
of the Padang Uplands, namely, high-lying 
broad long valleys between rounded, rela- 
tively low mountain ridges. The mountains 
are less wild than in At job and are gradu- 
ally being deforested. Tne valley of Pa- 
dang Sldempoean to Panjaboengan, flanked 
by two Baris an ridges, is probably to be 
conceived of as a partly filled up depres- 
sion. Remains of old terraces along the 
rim and a quite marshy portion near to tlie 
drainage outlet of the vatley through the 
Batang Gadis make it seem probable that 
earlier there w.*':; a luCke here which has 
since been drained by the river mentioned, 
as the result of a long continued cutting 
down of its bed." 

These two Barisan ridges aiopear to 
be "block folds of Permocarboniferous 
rocks." According to Fennema*"' "the west- 
ern one is built up of granite with mica 
schists and quartzites while on further 
north it is made up of normal clay slates 
with quartzltlc masses. The eastern block 
fold consists of weak clay slates with 
quartz veins, quartzitic masses and gray 
limestone." These rocks continue toward 
Slpirok, and on evidently still much far- 
ther northwards, along the east side of 


tne southern Batak Lands (Habinsaran) . But 
they continue Also toward the southeast and 
south -southeast and time and time again 
crop out from under and up between the 
stretches covered over by the younger vol- 
canoes, to as far as the southern limits 
of the region we are here considering?,. 

East and west of the block folds 
mentioned, in Tapanoeli on the surface 
over great areas there lie Paleogenic 
rocks, apparently on Precarbonlferous ones. 
On the east side the Paleogene are mostly 
coarse and fine grained sandstones with a 
little mica and then variegated clays. 

More toward the south conglomerates also 
occur. Much of this region is still un- 
known geologically. On the western side, 
both to the south of Siboga as well as to 
the north of there on to the boundary of 
Atjeh, are found similar rocks belonging 
to this formation. The solid, white or 
grayish sandstones, south of the lover 
course of the Batang Toroe and stretchiii/-^ 
out to approximately the breadth of Panja- 
boengan, form a closed irregular 
into which the rivers -have cut deeply 
(Zvlerzycki, 1. c, ) . 

Although actually a continuation 
of only the eastern body rather than the 
western one, these Paleogenic rocks aro 
also found still farther south. We may 
say that the large bodies shown on the mai' 
aro located* north and south from Rau, nortti 
from Soellkl and Pajakombo, and finally 
around Sawah Loento, from Fort van der 
Capellen to nearly to Datoe. 

Among the rocks In these soutiierly 
lying tracts breccias and conglomerates 
predominate, consisting of fragments of 
quartzite, slate, diabase, and quartz, ‘i;! 
locally also of granite and limestone. 

From above downward in the format Ion tlie 
grain size of the deposits decreases. 
upper layers p/ossess predominately fine- 
grained quart.z sandstones (with coal betveon 
them) but also clay shales and marls. 

Neogene formations do not occur on 
the west side of the [jortion of the Barisan 
Mountains here being considered. While on 
the eastern side there Is a great deal of 


146. J. Zwlerzyckl, Toel. bl. I (N. Sumatra) d. Geol. Overz. k. N. 0. I. Ai*oh., Jb. Mljnw. (1919)> 'V.mli. 

P- 18. 

147. R. Fermema, Top. en Geol. beschr. Noord-god. Gouv. Sum. W-kust, Jb. Mijnw. ( 1887 ), Wet. God., p* ' ' 

148. See the map of J. Zwlerzyckl, Bl. VII der Geol. Overz.- k. N. 0. I. Arch., Jb. Mijnw. (1919), 

I. Toel., especially, pp. 88-92. 
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Neogene, yet not so much as In Southern 
Sumatra.. On his sheet No. I Zwlerzyckl 
sketched a large body extending out north- 
wards to Goenoeng Toewa and Rassau, and 
southwards along Pasir Pengarajan to Banlct- 
nang. Also east from Saw^ah Loento, at 
Sldjoendjoeng there are found Neogene de- 
posits. They consist of a bedded complex, 
of which the oldest is the so-called boun- 
dary clay, consisting of clay marls rich 
In lime (Globigerlna) , and grayish green 
or dark In color. Above this are the sand- 
stone layers with Increasing grain size up- 
wards . 

At this geologic period the vol- 
canoes began to assert themselves. Vliere 
volcanoes made their appearance In the 
locality, from beneath upward the tuffa- 
ceous character of the Noogene Increases 
until finally the material consists of 
nothing hut tuffs. While In the northern 
part, between Pengarajan and Rassau, where 
volcanoes were lacking and oven today are 
atm absent, there are no Neon^ene tuffa- 
ceouo materials. 

In Gonsequeneo of volcanic activity 
commencing In the later part of the Neo- 
gone. Its more Important activity was dur- 
ing Quaternary time. 

In the north the Loehook Raja hullt 
itself up, and thereafter tlie Stboeal 
Boeall. There ejecta are particularly of 
more basic materials, andesite and even 
Home basalt. Apparently now and tlion pale 
pumice stone ash was erupted, this covering 
over older formations. Then follows the 
longest part of the Barlsan mountains with- 
out volcanoes and thereafter toward the 
couth the Sorlk Berapl is tlie first of this 
series. Situated more toward the east near 
Bondjol are the Boeklt Gadang and the Goe- 
noeng Mas. Next the Slnggalang do Merapi 
^nd the Sago occur and then, after a long 
the complex of the Pick van Indra- 
poera. 

The volcanic products, both as lava 
streams and also as coarse and fine frag- 
^^eiital ejecta, which have been strewn out 
over the land, have In the past played a 
^U'nlficant role In soil formation on Su- 
natra's West Coast, and they still do 

H, i)_ Vorbeok, Top. en j’ool. bceolir. Sura. We 

P. '■>14. 

I'l P- 641. 

d. L. L. Kemraerllnj;, Vulkanol. Modod. No. I, p. 


today. This Is the reason for somewbat 
closer consideration of these product. s. 

As to the petrography, Verbeok In 
his classic work^^"^ dealing with the west 
coast has already established' the most Im- 
portant data. About 6g^ of the rocks 
studled^"""^ were auglte-andes 1 tes . About 
10^^ were ollvlne-contalnlng auglte-ande- 
sltes; only a few api.eared to contain 
hornblende and they wore especially older 
magmatics (Young Tertiary). Basalt occurs 
also here and there. In other u-laces pek- 
3 tones. In the Quaternary there v/ere also 
mighty pumice stone erupt lon.s esm.eclally 
In the center from tlie volcanoes Manlndjau, 
Slnggalang, Merapi and Sago. Possibly, 
however, tr.ere were also eruptions from 
Slrahoengan or Boeklt Gadang. This 
pumice stone (in the above-i:ierit ioned work 
Verbeok repeatedly ilaces the e.mnhasls on 
the i)umlce stone) has not only a much 
higher SIO^ content than the rest of tte 
rocks, but also a very notable content of 
sanldlne, so t,hat It cannot be separated 
by air or water mothod.s from andesitic 
efflatas, though It must be conceived of 
as a completely different rock, coming from 
an entirely different "magma furnace" than 
the andesites and basalts. Various obsidi- 
an occurrences are connected with the pale, 
more acid pumice stone tuffs. Though 
everyone knows tiiese tn.^fs from tlio Kar- 
bouwengat at Fort de Kock (see Figs. 18, 
page 138; 18Y, and 188 peges 496 - 497 ), yet 
a complete chemical analysis has never been 
made of them and we know nothing except wiiat 
Kemmerling has written^ regarding the .mln- 
eralorlcal nature, as follows: "From the 
P'etrographlc study it appears that par- 
ticularly the Goenoeng Tandlkat has ejected 
quite acid rocks; basic representatives 
were not erupted." This Is indeed directly 
In lino with the conception which Is to Iwc 
obtained from Verbeek's work for the Padang 
Highlands In general. Also Fennema pointed 
out that "especially on the western .s Idf? of 
tlie Manlndjau mountain, except In l.he en- 
virons of Loehoek Basoeng, obsidian and 
pumice stone occur." If the geological 
mapping now going on along Sumatra’s West 
Coast will be continued and tlie /'■aps wltli 

tk . (Ba tvO V ia , 1 38 :> ) . 
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Photo hy Andr^ de la Porte 

Fig. 187 . Sumatra’s Vest Coast. The Karabouwengat canyon in the pale 
Agum tuffs. All Irrigable lovlands transformed Into paddles. The 
soil Is fertile, hence even steep slopes are clothed vlth forest. 


respect to the rock analyses will be filled 
up, ve shall perhaps still have many sur- 
prises. (Compare the general Introduction ' 
to this part, pages 4l7-4l8.) 


Climate 

Along the coast (Table 89 , page 
421, .from Slbolga to Balalselasah) the 
climate Is continually humid. During only 
few of the months does the rainfall average 
ever fall below 200 mm. and never under an 
average of 150 mm. On the elopes lying 
back from the coast, but still facing the 
sea. It rains still more (Table 90, page 
422 ) from Loeboekbasoeng to Oeloellmaumanie; 
compare also Pig. 189 ^ page 500). On the 
contrary the long narrow valleys (see Table 
91 , page 422 from Slplrok to Soerapoer) have 
a distinct dry season from June to August, 
with a much lower total for the whole year. 
Even when the tc^tal rainfall exceeds 2m. 


(see Table 92, page 425 from Padang Sidem- 
poean to Moeara Laboeh). July Is still 
relatively dry, although not so much so 
that the month could be called "arid." 

On the basis of observations made 
during a long series of years In the re- 
gion under consideration there are thus but 
few places where it Is possible to speak of 
regular, recurring drought. If the soil 
material be pervious, at most there Is in- 
termittent leaching. It Is not possible 
that alternating weathering could take 
place, that Is to say, alternating sinking 
down and rising- of soil moisture; the dry 
spells \dilch occur are quite too short for 
that. For that matter over the entire re- 
gion the conditions of continuous leaching 
are predominant. 

As would be expected, with differ- 
ences In elevation between sea level and 
about 5 #000 m. the temperatures naturally 
vary widely. 
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Photo hy Leeksma 

Fig. 188. Sumatra's West Coast. Close to the upper rim of the 
Karhouvengat . Shows differences In the tuff; younger efflatas fYom 
the Merapl, perhaps more basic, lie above older, paler, less fertile 
ash. 


Weathering Processes and the 
Resulting Soil Types 


Under climatic conditions which 
are relatively uniform except for the tem- 
perature and for the elevation, it is ob- 
vious that the differences in soil types 
are indeed principally dependent upon the 
parent material, the rocks. As to stages, 
ve may expect all of them, from juvenile 
to senile. 


Here again the principal question 
of course is: Are there (young) volcanoes in 
the neighborhood or not? Beginning with 
the non-volcanlc stretches, such as the 
Olay shales and sandstones of Permocarbon- 
Iferous or Eogene age, we can hardly speak 
Of an intensive chemical weathering. With 
oi* without taking up water, these rocks 
^ilalntegrate in proportion to the clay 
content. They change back into just what 
once were: sand, loam, clay. But the 
clay, loam, or sand soils are in a way 
f'ar different from the original deposits, 
^Qcause during their reforming they have 


been 


oxposed to a very great amount of 


leaching. Supposing, for example, they 
had been originally deposited under the sea, 
then the clay was absorptively quite well 
saturated, while all kinds of lime-gather- 
ing organisms sank down and accumulated 
with the deposits on the sea bottom. The 
new soil weathering from these rocks, for 
example, in the great region between the 
mountains of Tapanoell between the Loeboek 
Raja and the Sorlk Berapi, must thus carry 
poor kinds of soil, for during the new 
weathering the colloids must have been 
strongly leached and a considerable portion 
of the lime also dissolved out. 

If there was iron in the deposits, 
then through oxidation the gray and green- 
ish gray colors have been transformed into 
pale to darker yellowish gray, light brown, 
and light red. The natural vegetation is 
forest, although it is by no means luxuri- 
ant forest. Where man has cut the forest 
down, it grows up again very slowly. The 
forest practically never comes back in the 
large grass plains, the cogonals, which 
from time to time are intentionally or 
unintentionally burned off by the natives. 
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As a consequence, on all slopes 
and convex terrains there are pale yellow- 
ish gray lixivium types of soil. Since 
they are coarse sandy, and thus quite per- 
vious, these types are very apt to erode 
seriously. Consequently all slopes at 
all steep are strongly eroded, hence the 
soil which is left can hardly be deep. 

If, however, the soil types originated from 
(heavy) claystones which have weathered 
back directly into heavy clay, then the 
water movement in the soil is difficult and 
Irregular. These clays are frequently 
variegated; here bluish gray, there deep 
red flecked, thus an expression of the 
transition toward amphibian soils, although 
in nature their formation is also differ- 
ent . 

The higher the soils lie obviously 
the higher the humus content of the surface 
horizon, which makes this horizon gray, and 
in the high mountains even dark gray to 
brownish black. Also under a grass vege- 
tation this surface soil becomes dark, but 
due to the repeated burning off the color 
is more of a black than a brownish black. 

In a certain sense this is rather an arti- 
ficial than a natural influence. Because 
humus Increases rather than decreases the 
susceptibility to erosion, a high humus 
content is not attained. The humous sur- 
face soil is more rapidly lost than that 
which is poor in humus, and washes off to- 
ward the valleys where it is deposited to 
form a relatively richer soil type than its 
parent soil was. An example of that is 
the plain between Padang Sidempoean and 
Penjaboengan, which is quite similar to the 
Atjehlan examples (see pages 429 , 4^2). 

Also to be compared with this is the plain 
of Loeboek Slkaping, and perhaps still 
many smaller valleys or plains, for exam- 
ple in the Upper Rokan and Upper Kampar 
stretches . 

The weathering proceeds differently 
on the old eruptive rocks, granite and di- 
orlte on one hand, diabase and gabbro on 
the other. Here is not merely disintegra- 
tion, but rather weathering of the miner- 
als, as described on pages 71-B8, But since 
these rocks, like igneous rocks, are hard, 
compact, and weather slowly, the result is 
that erosion just about keeps up with the 
weathering. But where some soil does re- 
main in place it is, in so far as it does 
not consist merely of loose quartz sand, a 


severely leached out and senile lixivium. 
Thus the soil on the old hard erupt Ives ia 
not all much richer than the soil on the 
previously mentioned sedimentary rocks. 

Only where tropical high forest, undis- 
turbed by man, has been able to develop 
and maintain its position tranquilly down 
through the centuries is this forest su- 
perior to that on 'the sedimentary rocks, 
hence the humous surface soil so conserved 
is consequently richer. However, where 
quite a long time ago man chopped down the 
forest, the landscape of tall grass ( Sac - 
charum apontaneum) and cogon ( imperata spp.) 
is just as poor. For example, note the 
environs of Moeara Sipongi where the high- 
way runs over granite. Note, also, the 
granite mountains along the highway near 
Taroetoeng, close behind Slbolga. Between 
the miserable grasses where the terrain Is 
rounding and sloping one sees the slightly 
humous, pale grayish yellow lixivium ground. 
But where through being more nearly level 
the soil is less eroded off, it is browner 
and redder. Of course, again the best of 
the land lies in the valleys, in so far as 
it has not been carried away to the coastal 
plain and into the sea by the rivers in 
the form of extremely finely dispersed, 
colloidal sediment. This last process, 
however, only occurs where there is a cer- 
tain poverty in calcium, both in the silt 
and in solution in the water. If there bo 
adequate Ca in both silt and water, then 
much more alluvium settles out in the first 
valleys the stream flows through. But Ca 
cannot come from the quartz sandstones nor 
can it come from the clay slates. And it 
has long since been dissolved out of the 
soils on the eruptive rocks mentioned-- 
most of it comes from the marls and from 
the llme3tont3 reefs, which occur in the 
Permocarbonlferous as well as in the Eogeno 
formations . 

This limestone occurs in many places 
in long walls, rising up very high almost 
vertically--seriou3 obstalces in highway 
construction. And since the rain which 
falls on these limestone masses vanishes 
directly into numerous cracks and flows 
away in subterranean passages, the soils on 
top are to a high degree infertile, yet 
there is still a marked indirect signifi- 
cance. Though infertile and almost unin- 
habited, this limestone makes the above- 
mentioned valleys more fertile and thus 
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tetter and more capable of being more 
ttlckly inhabited. 

And now coming to residual soil 
t^pes on volcanic parent material, in the 
first place they are based upon the differ- 
encc3 between solid, compact rocks and loose 
lava and efflatas. It is difficult to 
point out the fragmental material which re- 
sulted from the older. Tertiary volcanic 
activities, but the andesitic and basaltic 
rocks, the molten magma which had flowed 
out calmly and then congealed as hard, 
solid masses have been more resistant to 
veathering and erosion so that at a number 
of places in the district we are now con- 
sidering, they occur in the landscape as 
knobs and larger and longer masses more or 
leas in rows. Here they weather very, very 
iriuch more slowly than more acid eruptive 
rocks, so that the soil covering does not 
accumulate to any notable depth except on 
a i'e/^ extensive, fiat portions, and these 
are infrequent. As a rule the soil is 
far from being a deon one. Yet the fer- 
Llilty is 3 0 low that except perhaj)3 on 
t!!0 almost vertical portions, natural 
forost is allowed to remain on it, for the 
land Is not worth kairtiinging . But where 
the ‘.'orest has been destroyed, it never 
has another chance to develop anew. Man 
and erosion take good care that this does 
not happen! On the recent lava streams 
one also sees the same condition: little 
iioll, little vegetation. 

The terrains developed from loose 
efflatas present an entirely different 
rlcture, whether the material lies on the 
1 1 ace where it fell from the air and re- 
nalned, or whether the efflatas had been 
'nansportod by 'water, either as lainars or 
In the course of less catastrophic erosion. 
Ivhinardlng the differences in composition of 
hie rocks, enough has already been said 
above (see pages 494 -491; )• The same is 
Imio of the climate (see page 496). The 
divergences in the forms of the continuous- 
ly leaching -type of weathering are, as a 
^"niooquence, buL small and at most the 
variation is to an intermittent leachinf’;. 


The result is a pale yellow to brown 
juvenile lixivium, the intensity of the 
color being In proportion to the Iron con- 
tent of the parent rocks, and In all stages 
from fresh to vlrll. On the SInggalang, 
for example, we find no red, only pale 
yellow to brownish yellow lixivium. Yet 
here and there the soil is weathered out 
and senile, but the conditions for be- 
coming red (dehydration) are at the mini- 
mum. The material never dries out (see 
Pig. 189, page bOO), there Is never a high 
salt concentration in the water circulating 
in the soil, so that the iron hydroxides 
remain highly hydrated. Such kinds of 
soils, already formed in the Tertiary, 
subsequently submerged in the sea and then 
later again exposed above the sea^"^^ were, 
while in the sea water, dehydrated as re- 
gards their iron hydroxides and are thus 
red. With reference to the so-called "ma- 
rine diluvium" of Sumatra, Fennema^^^ says 
"This consists of horizontal masses of red 
clay with fragments of quartzite"; while 
Verbeok records "Between Tlkoe, Soengel 
Limau and Loeboek Basoeng the tuffs con- 
tain not only pumice stone and andesite, 
hut also bits of obsidian and much red , 
volcanic clay." Thus In the marine tuff, 
still far from senile, there Is already 
"red clay," and a few hundred meters higher 
up, on the slopes of the SInggalang, only 
brownish yellow lixivium. 

The pumice stone tuffs of Fort de 
Kock (see Figs. 18, 187 and 188) Verbeek^^"^ 
calls "white or yellow," not red. "in 
many pumice stone fragments it is possible 
to recognize with the naked eye sanidlne, 
blotite and sometimes also hornblendes." 

Jt is certainly not surprising for these 
materials to remind us of the liparitlc 
tuffs of the Batak Lands and those of 
South Sumatra, to be mentioned farther on. 
But as already said, analyses are still 
lacking and resemblances cannot be proved. 

Meanwhile the soil, itself, also 
shows clearly points of similarity, espe- 
cially if wo compare the plateau of Old 
Agam with the plain of Silindoeng. Neither 


^ Cl'.; Fennema, 1. c. , pp. 176-177 • 

Cf.; Verbeek, Sum. Weetkust, pp. 623-6l-‘b 

Fennema, 1, c., p. 228. The word "diluvium" has now been given up as improper as applied to the 
Netherlands Indies’ Old Quaternary deposits. 
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Fig. 189* M08B and fern vegetation of the moesy forest on the Slng- 
galang, at about 2,000 m. elevation, Sumatra's West Coast. Optimum 
conditions for Intensive decomposition of the plant remains. (See 
pages 107-108.) 

of the two formations, however, is pure 
pumice stone tuff, since both have been 
deposited in and by water and as the Sllln- 
doeng tuff Is polluted--lf one may put it 
that way— by erosion products from the 
mountains surrounding this plain, among 
others from the old andesitic peaks, al- 
ready mentioned above (page 456 ), and 
also from some older, sedimentary rocks in 
the northeast. Likewise the Agam tuff is 
also mixed with, and even here and there 
clearly covered over by (see Fig. 188) 
more or less basic products of the young- 
est of the volcanoes, the Merapl, yet at 
the same time with some older material. 

"The occurrence of rounded granite' and 
schist cobble stones in these pumice stone 
tuff layers makes it apparent that the 
tuffs have been deposited from water and 


158. Verbeek, 1 . 0 ., p. 550 * 

159. According to Vorbeek, ( l. c ., pp. 557 - 56 ) these vertical walls originated through erosion at the 

foot, with at times caving off up to the top of an over-lying mass of tuff. The rainwater seeps 
down through the tuff and first erodes out the lowermost portion. While it seems to me that this 
could quite well happen to an entirely loose mass of tuff, it seems more probable that from more or 
less hardened tuff, through swelling of weathering clay in vertical cracks, at times pieces of 
are pushed off and‘ then fall down to the bottom. (See Pig. I8, page I58 and Pig. I87, 496 -) 


are not sediments coming directly from the 
alr."^®® 

Similar tuffs are found in the 
plain of Pajakombo, which is drained by the 
Slnlmar river with its tributaries in the 
same way as the Si Anok with its tributarie: 
drains the plain of Agam. But the erosion 
valleys are not so deep nor are the walls 
cut down so nearly vertically.^®® 

The reader will understand that on 
such porous tuffs neither amphibian nor 
subaqueous weathering forms can easily 
occur, both because the perviousness Is too 
great for these conditions and because the 
situation is as a rule too high. But such 
forms do develop, especially where the pov- 
erty in iron is great and but slightly 
pervious pale clay has developed. Other- 
wise wouldn’t it be true that the laying out 
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of paddies on such terrain would be prac- 
tically impossible? In a certain sense 
amphibian conditions do occur in these 
centuries-old paddles but there has not 
yet formed under the paddles a layer of 
iron concretions, as the quantity of iron 
oxide is too small for that. However, the 
silicic acid dissolved in the upper por- 
tion of the profile precipitates in the 
deeper horizons and there hardens the tuff. 

Meanwhile in the lowlands along 
the coast, for example northwest of Ajer 
Bangl3,^^° quite similar subaqueous weath- 
ering layers in the soil may be found. 
According to the description by Smits, 
sandy deposits preponderate in the alluvia. 
The subsoil of some of them "consists of 
strongly bleached-out gravel, in which are 
quantities of stones rounded by water ac- 
tion. This material is made up principal- 
ly of fragments of schist and quartz and 
also of very white weathered andesite." 
According to the nomenclature we are here 
following, these sand and gravel masses 
certainly should not be called alluvium, 
but colluvium. The alluvium which came 
along with it could not remain on the 
steep slopes toward the sea, but has been 
carried on into the sea, there flocculated 
out, and in part deposited perhaps else- 
where along the coast. Back of these sandy 
coastal deposits, which are similar to 
those with which I had become familiar in 
the environs of Sasak, there occur other 
soil types, which now should be called 
autochthonous subaerial weathering forms 
derived from allochthonous deposits of 
volcanic material (especially sand and 
gravel) ((V.b. 2. co 1 )--H . NN .ae . (1-3)). 

Hence they are very good; "the ground is 
humous and brown in color with an excellent, 
not too sandy structure" ( Smits, page 5)* 

Allochthonous heavy loam and clay 
aoil3 are seldom if ever found in this re- 
fflon which we are now considering. All 
the most extremely fine soil material, 
when once it has been suspended in water in 
the mountains for a long time doesn*t again 
have a chance to* sink. It is carried on 
and away with the rivers westwards toward 
the sea or, if eastwards, part may also 
^each the sea (Malacca Strait, etc.), while 
part of it settles out on the lowest spots 


in the extensiv^e lowland between Bllah and 
Djambi. 


Evaluation and Utilization 
of the Soils 

By and large in the region we are 
here considering the evaluation and utili- 
zation of the soil are entirely in agree- 
ment with what may be deduced from, the 
data of the preceding pages. A glance at 
the map compiled by the Census Office 
19^50^^^ relating to the density of the 
population of Sumatra, also gives an idea 
of conditions which may be stated approxi- 
mately in the following words (the figures 
in parentheses indicate the number of in- 
habitants per km.^). First there is the 
quite densely populated subdivision of 
Slllndoeng (58) bounding to southwards the 
subdivision of Sibolga (2?) and Angkola (28), 
where the volcano Loeboek Raja still exerts 
an influence. Then more to the south fol- 
lows the subdivision Mandailang (2?) with 
the plain of Great Mandailang into which 
the best of the material from the surround- 
ing mountains has been washed together. 

From among other mountains in the south 
eroded material is from the Sorlk Berapi. 

But east and west from the Padang Sidempoean 
— Panjaboengan strip lie the poor mountain 
and hilly lands of Natal (8) and Padang 
Lawas (sO. Next to them, with somewhat more 
volcanic material follow the subdivisions 
Ophlr (19) and Loeboe Sikaplng with an al- 
luvial plain (16). And now we come into 
the true Padang Uplands with the Merapi 
volcano as the central point. All three of 
the subdivisions Oud Agam (257), Fort v/d 
Capellen (169), Batlpoeh and X Kota (l52) 
touch the Merapi peak. Manindjau (72), 
Soellki (92) and Solok (99) lie somewhat 
farther from it, but yet extend over (some- 
what older) volcanic soil types. Eastward 
from Soellki (92) via Pajakoembo (^8) the 
country is more and more thinly populated, 
Bangklnang (18), then Kamparkiri (2.7), 
and finally Slak (O.88). These numbers 
speak for themselves. Wiiere there is 
nothing to be obtained from the soil, no- 
body lives there, not unless there la some 
other way of making a living, such as 


M. B. ajilte, Meded. Landb. voorl. dienst No. 2 (1919), P* 

Census 1930, Dl. IV, Inheemsche bovolklng Sumatra (1935), Table 9 and map following. 
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commerce (Padang) or mining (Sawahloento) . 
Still to be mentioned are the subdivisions 
lying along the coast, l.e., Parlaman (I 69 ) 
and Padang (204). Without the town, how- 
ever, the latter is only 132. Likewise, 
through the subtraction of the Inhabitants 
of the main towns the population figures 
of a few other subdivisions are consider- 
ably reduced: 


and of the women, in the districts which 
differ according to soil and climate, are 
cultivating their own land. However not 
only are there still too few published 
data in map and letter press on this sub- 
ject, but such a study would probably lead 
us too far afield, because there are prob- 
ably too many other factors which play a 
part in such a question, but which have 


Table IO 5 


EFFECT OF TOWNS UPON POPULATION OF DISTRICTS 


Subdivision Slbolga 0 . 0. 

from 

28 to 

20 , 

without Slbolga 

town 

" Oud-Agam 

tf 

257 " 

219 , 

It 

Fort de Kock 

tr 

" Pajakoembo 

It 

48 ” 

1 *6, 

11 

Pajakoembo 

It 

" Batlpoeh and X Kota 

rt 

152 " 

151 , 

ir 

Padang Pandjang 

rr 

" Padang 

It 

204 " 

152, 

11 

Padang 

It 

" Solok 

rt 

99 ” 

94 , 

11 

Solok 

II 

" Sawah Loento 

It 

110 " 

72 , 

H 

Sawah Loento 

fi 


But even subtracting the town population 
does not alter very much the general fea- 
tures of the distribution of the popula- 
tion. Further on toward the south are 
regions without young volcanic activity: 
subdivisions Palnan ( 38 ) and Alahan Padjang 
( 31 ) ^ and then Moeara Laboeh (l3)> Sld- 
joendjoeng (ll) and finally the subdivi- 
sion Korint jl-Indrapoera, although the 
Plek van Korint ji is still an active vol- 
cano, a figure of ( 18 ) makes quite a poor 
showing. We may therefore expect that now 
that more good roads have been constructed 
in this region. The resulting Increase of 
settlement will in the future give signif- 
icantly higher figures. 

The above figures are still really 
too rough. This is because many subdivi- 
sions Include fertile, thickly settled 
localities as well as infertile, uninhabi- 
ted tracts. But calculation according to 
smaller units, the districts, is still not 
possible because on the available maps the 
district boundaries are not completely 
shown. 

It would also be very interesting 
to go into the question as to what per- 
centage of the inhabitants, both of the men 


little or direct connection with the soil. 


¥ y, * ^ ^ 


A more direct criterion of the 
fertility of the soli may be found in the 
figures of the yield of rice . For compari- 
son, we can accept that as an average har- 
vest for Java during the years 1922-193C 
almost 20 qu./ha. paddy. 

Although there has never yet been 
a complete survey of this question in tlie 
reports of the agricultural extension 
agents we find a number of figures^ 
which throw some light on the matter. 

In the Sipirok region we find nota- 
ble extremes. Going along the road from 
Sipirok northwards to Sipogoe one gets 
farther and farther away from the relatl'/oly 
young and basic volcano Siboealboeall. 
is shown in a series of cutting testa dur- 
ing the year 1917 • In the west-southvost 
part of the plain of Sipirok, a yield of 
51.4 quintals/hectare was obtained. In 
the same plain but in the east, near Praoc 
Sorat, against older sandstone and old 


162 . Jaarverslagen v/d Landbouwvorl. dlenst (1917-1925), Verelagon Afd. Landbouw (1926-1929); Verela '.'ii 
van Veldproeven (Bemeetlngspr. enz.), 1950 until this year (1955)* 

165 . For Tapanoell and Sumatra's West Coast these are always given for paddy (unhulled); but whether L 
be lowland, (irrigated) or upland (unirrigated) paddy is not always recorded. Lowland paddy 1 b 
usually between I 5 and 20^ heavier per unit volume than upland paddy, (cf. note 5, Table lO^i, 

493.) 
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limestone tuffs, 35.7 qu./ha. was the ' 

yield. More northerly, near Djonggol Djae 
It was 33 qu./ha. Still farther, near Ha- 
nopan It was 16,5 qu./ha. Finally near 
Lantjat Tongah It was 12 qu./ha. In 1919 
paddles near Slplrok gave respectively 26, 
23.5 and 32 qu./ha. The above figure of 
51.^ qu./ha. is presumably exceptionally 
high for ordinary fields, though it may be 
expected of native fields heavily ferti- 
lized with village manure. In 1923 fer- 
tilizer experiments were laid out on 
paddles near Hanopan where the ’’unferti- 
lized'* plot did not even produce 0.40 
qu./ha. while with 87 kgs. per ha. ammonium 
sulfate and 43 kgs. double superphosphate, 

22 qu./ha. were obtained. At the same time 
even the check plot of a similar experiment 
near Slplrok produced nearly 26 qu./ha. and 
with the above fertilizer as high as around 
37*5 qu./ha. This Is certainly an indica- 
tion that N and P are the limiting factors. 
The natives use great quantities of village 
manure; as much as 6OO kerosene cans, - 
10 m^ was applied per bouw (l4 m^. per ha.). 
They then obtained harvests of between 13 
qu./ha, at Hanopan and 26 qu./ha. at 
Slplrok, but even so this remained still 
far below the yields obtained from the use 
of artificial fertilizers. It Is thus evi- 
dent that In these tracts It Is worth while 
for the natives to go In for N and P ferti- 
lizers . 

In 1924 a repetition of the experi- 
ments of 1923 confirmed the results with 
even higher yields, possibly because of 
better Irrigation water and weather condi- 
tions : 


clearly that the limiting factor In this 
region was predominantly P, for when P 
fertilizers were added, thus without extra 
N fertilization, the yield In SI Dangge 
village was raised from 7 qu./ha. to 50 qu. 
/ha. and in Barlngln village from l4 to 
32 qu./ha., while the natives with their 
heavy manuring with village manure raise 
their yields to about 30 qu./ha. 

Taking It all together we can 
thus say that the soil plus the Irrigation 
water close around Slplrok, especially 
south and west from there, can give har- 
vests of approximately 30 qu./ha. dry 
paddy. This Is because of the source both 
of the soli and of the Irrigation water. 

Yet it Is still apparently P which Is In 
the minimum and next to that also very 
likely N, In view of the enormous success 
with these fertilizers. But that great 
success demonstrates that the other soli 
conditions, water supply, physical condi- 
tion, etc., are especially favorable. The 
further we go out from the region of basic 
rocks, however. Into the llparltlc and 
especially the older limestone and sand- 
stone regions, the more bitter the P de- 
ficiency becomes, until finally no rice at 
all can be produced without P fertilization. 

Coming now into Angkola, the country 
Is entirely under the Influence of the Loe- 
boek Raja volcano, both as to the soil and 
as to the Irrigation water. Also here there 
Is apparently no excess of either P or N. 
Near Batoenadoea, for example, where the 
natives, just as In Slplrok, raise the yield 
to 30 qu./ha.. In an experiment In 1929-30, 
the unfertilized check plot gave 27 qu./ha.. 


Table 106 


EFFECTS OF FERTILIZERS ON RICE YIELDS 



Slplrok 

Hanopan 

Hoeta PadarVr? 



quintals per hecto 

re 

Unfertilized 

30 

0 

0 

Village refuse 

42 

17 

21 

30 kg. ammonium sulfate and 




62 kg. double superphosphate 

49 

37.5 

34 

per hectare 





In 1930 the comparison between un- 
fertllized and the application of 87 kg. 
per hectare double superphosphate Indicated 


but 43 kg. /ha. ammonium sulfate and 87 kg. 
double superphosphate per hectare Increased 
the yield to 43 qu./ha. Near Losoengbatoe 
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the soil appears to be richer. The natives 
obtained yields of 33 qu./ha. in the 1929 - 
30 experiment, presumably through better 
preparation of the land (hand digging as 
contrasted with plowing). Even the unferti- 
lized plot yielded 43 qu./ha., a figure 
which was raised by the use of 8 Y kg. /ha. 
double superphosphate to 49 qu./ha. dry 
paddy. The Hoeta Imbaroe experiment gave 
the same picture. That Is, the unfertilized 
plot yielded 37 qu./ha., while P fertiliza- 
tion of the seed beds alone yielded 44 qu./ 
ha. Here there are also areas with marked 
P deficiency. For example In 1928 an ex- 
periment In the neighborhood of Batoenadoea 
gave the following: unfertilized 12 qu/ha., 
with 87 kg. ammophos per hectare; 31 Qu./ 
ha.; the same experiment repeated near 
Boengabondar: unfertilized l4, while with 
87 kg. double superphosphate and 43 kg. 
ammonium sulfate 37 qu./ha. Everywhere we 
see the same condition; an excellent paddy 
soil with a deficiency which Is easily 
remedied. The better preparation of the 
land in 1917 at Batoenadoewa raised the 
production from 23 to 30 qu./ha. and near 
Pldjarkollng from 27 to 33 qu./ha. But If 
we ascend to higher elevations, for example 
at Pagaroetan, near the pass In the road ! 
near Slplrok, then the different climate 
tends to decrease the production, namely, 
without fertilizer to 8.7 qu./ha., using 
village manure this can be raised to 19 qu. 
/ha. but even with the use of 87 kg. double 
superphosphate and 43 kg. ammonium sulfate 
to only 32 qu./ha. 

Near Slbolga (in Slboelan, village 
Poring) however the soli Is lower In qual- 
ity. Also, no young volcanic parent ma- 
terial Is found there, but Instead granite 
and sandstone. Here In an experiment In 
1930-31 the unfertilized plot produced 
17 qu./ha., 87 kg. ammonium sulfate brought 
It up only to 23 qu./ha. and 87 kg. double 
superphosphate to but 22 qu./ha. 

Now as to the plain of Mandalllng, 
the low rainfall (Table 90, p. 422) has been 
an advantage, for as a result the soil Is 
more fertile. Near Panjaboengan, for ex- 
ample, yields of 4l quintals/hectare (l9l8) 
are no rarity. Some varieties even yield 
as much as 48 and 32 qu./ha. Hagrels and 
Vonk state that while Angkola and Lesser 


Mandalllng can be estimated to yield 26 to 
30 qu./ha. paddy, the plain of Greater Man- 
dalllng produces 44 qu./ha. and, adding more 
ammonium sulfate or double superphosphate 
frequently gives no Increase In yield. 

This soil Is thus a very rich and produc- 
tive alluvium, which has been accumulated 
by the affluents of the Batang Gadls river 
from Precarbonlferous, from granitic, and 
from young volcanic terrains. 

Somewhat southerly. In Kotanopan, 
the fertility Is significantly less. The 
figures of yield which have been obtained 
lie between 13 (an experiment In 1930 near 
Maga) and 35 qu./ha. (an experiment In 1930 
near Pakanten), but In comparison with the 
Java figures they are still far from being 
bad. The great difference between Tapanoeil 
and Java, however, lies In the fact that in 
Tapanoeil the mountain slopes are apparently 
considered to be of very little use, for 
the Inhabitants settle In the plain and re- 
main there; while on Java, on the contrary, 
It pays to lay out paddles high up on the 
slopes. How poor the mountain slopes here 
In Tapanoeil really are Is shown very well 
by the surroundings of Moeara Slpongl. The 
sporadic paddles In the small valleys along 
the upper course of the rivers must be more 
or less sandy and so can thus not be rich. 
The somewhat larger plain of Kota Nopan re- 
ceives a little more fine, fertile sediment 
and the still larger plain of Panjaboengan 
even more. In confirmation of this the 
following figures of yield are recorded in 
some Memoranda of Giving over Charge of 
administrative Officials (of 1930); Moeara 
Slpongl 17 qulntals/hectare, Kotanopan 20 
and Penjaboengan 30 qu./ha. These figures 
closely coincide with the characteristics 
of the terrain which have already been de- 
scribed. 

There are not many paddles In the 
Natal subdivision. According to the re- 
sults of harvesting tests the yields are 
lower than those of Kota Nopan and certain- 
ly far below those of Mandallang. The same 
can be said of the few paddles In Padang 
Lawas . 

With respect to the Ajer Bangls 
subdivision, Smlts wrote an exhaustive 
report In which figures relating to the 
yields of the kalfiglns are of Interest. 


164. B. J. Hagrels and H. Vonk, ’’Landbouw” III (1928), p. 697* 

163 . M. B. Smlts, Meded. Landb. Voorl. dlenst No. 2 (l919)> P* 4-6, (with map). 
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I. Recent alluvium, more or less mixed 
with volcanic material from the G. 
Mallntang, as well as some material 
of quartzltlc origin, thus sandy. 

It is fertile in so far as It occu- 
pies a subaerial position and Is 
humous, and yields 26 quintals/hec- 
tare paddy (rough rice). 

II. Old alluvium, called by Pennema ma- 
rine alluvium. More southerly, the 
so-called Oedjoeng-Gadlng land, 
brown, humous, with an excellent, not 
too sandy texture. It Is principally 
of volcanic origin. At present it Is 
poorer In P than the youngest allu- 
vium, and yields 22 qu./ha. paddy. 

III. More In the west the so-called Aler 
Balam land, light colored, sandy. 

The subsoil Is strongly bleached 
gravel. Thus apparently It has been 
exposed to subaqueous or amphibious 
weathering. There is a higher per- 
centage of fragments of schist and 
chunks of quartz. All crops which 
require quite a good deal of P for 
their production do very badly or 
only tolerably on this. Forest kaln- 
glns yield not more than 17 qu./ha. 
paddy. 

IV. A soil of mainly volcanic origin 
Including hilly land above 120 m. 

Soil of excellent structure, but not 
particularly fertile yielding not 
more than 17 qu./ha. paddy. 

V. Hilly schistose land, from which the 
volcanic covering has eroded off. 

The worst land of the inhabited re- 
gions, yielding not more than 13 qu./ 
ha. paddy. 

VI. Volcanic mountains of the Mallntang. 
Where not cultivated too long, there 
Is an excellent humus layer, but the 
soil has been strongly leached by 
continuous heavy rainfall. Paddy 
grows luxuriantly but the yield is 
always quite the opposite. 

VII. Schist mountains In the north, as 

good as uninhabited. Red, Infertile 
lixivium with a tendency to slide 
off, occurs here. Its value for 
cultivation Is very slight. 

The above Is Smlts classification. 

Here in a single political subdivision we 


see a striking* series of observations of 
the different soli types according to the 
parent rocks and according to the stage of 
weathering In which the material now is. 
There Is at the same time a correlation 
with the yields and in consequence the way 
In which and extent to which the soil Is 
utilized. 

Meanwhile, the recorded figures are 
by no means high. According to test cut- 
tings, the average yield for 1926 for the 
entire Padang Uplands was about 29 quin- 
tals/hectare paddy. The following year 
this amounted to about 30 qu./ha. In 1927 
Fort de Kock and environs produced yields 
around 33 qu./ha. paddy. 

In 1919 It was recorded that In 
Oud-Agam figures such as 70, 68, and 73 
quintals/hectare upland paddy were by no 
means uncommon. That Is a whole lot more 
than Is obtained In Ajer Bangls, and this 
fact makes It understandable why Ajer 
Bangls is so much less thickly populated 
than Oud-Agam. 

It Is notable that while In the 
Padang subdivision, according to tests of 
1924, Tjlna paddy yielded 24 to 44 qu./ha. 
dry rough rice and In connection with that 
the general remark was made that "the yields 
from this kind of land are not second to 
any," while In the subdivision lying next 
to It, Prlaman, the farmer "struggles to 
raise the average yield to more than 17 qu./ 
ha."^®® The reasons, however, are In plain 
sight. All good lands were planted with 
cocos, which with good prices for copra 
gave the natives a better living than did 
the cultivation of rice. It was due to 
this that the Irrigation remained very back- 
ward and for the greater part the cultiva- 
tion of rice Is dependent upon rain-fed 
paddles located on somewhat higher lying 
land which, moreover. Is very pervious, 
with the natural consequence of numerous 
failures of harvest, which are to be 
ascribed to a lack of water. 

The Memoranda of Giving Over Charge 
of the Administrative Officials contain 
here and there also some data of value In 
connection with this argument. Thus Con- 
troller Stelma records that "the sub- 
district Loeboek Slkaplng with Its miser- 
able, porous lands" Is not valued highly, 
which Is understandable In view of the 


166. j. B. M. de lyon, Mem. v. Overg. 0. a. Prlaman (Febr. '33), P* 49. 

16?. H. L. Stelma, Mem. v. Overg. o. a. Loeboo Slkaplng (Nov. '32), pp. 4-5. 
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large proportion of sandstones, granite and 
limestone in the surrounding country. On 
the contrary Rao, with Koelaboe volcano In 
the background, and Bondjol, already lying 
on volcanic terrain, both produce an ex- 
port surplus . --Controller Hangelbroek^®® 
evaluated ''the kinds of land of Soellkl in 
general to be of second and third quality, 
while in a few villages the land must even 
be called very poor, for example in Mahat." 
No wonder- -Soellkl has not received much 
ejecta from the Merapl, from the northwest 
some (acid) pumice stone has been washed 
out into the plain and Mahat lies entirely 
on Paleogenlc sandstone, etc. Yet "for the 
Irrigated paddles of the Slnaraar valleys 
average yields of 26 qu./ha." are recorded, 
and "for the unirrigated and relatively 
poor lands (frequently these are calcareous) 
of the mountainous portions, average yields 
of 22 qu./ha." These data also agree with 
the other information, but "in the Bangkl- 
nang subdivision the rice harvest is griev- 
ously small." Directly corresponding with 
this the density of population falls from 
92 in Soellkl to 18 in Bangkinang. 

That the subdivision of Port van der 
Capellen stands in an entire class higher 
is clear from Controller Morslnk’s^®® state- 
ment that "the stretch between Merapl and 
Sago is extremely fertile" and that "the 
production of about 33 piculs per hectare" 
(about 22 qu./ha.) "can still be raised 
significantly." The reason is that the 
paddles are still In part dependent upon 
rain, and as the rainfall is Irregular, 
many crop failures occur. Although the 
strip is densely populated and here and 
there appears definitely to have too few 
paddles, yet there never exists a fear of 
shortages of foodstuffs. Also the northern 
part of the subdivision on the slopes of 
the Goenoeng Sago is particularly mentioned 
as being suitable for agriculture but "in 
the neighborhood of Slngkarah Lake" (much 
sandstone, limestone, etc.) "the lands are 
sandy and quite infertile." The connection 
between soil and culture fits strikingly. 
Also with what has been stated by Control- 
ler Stolk^^^ relating to the Solok 


subdivision, which is in the north, adjoin- 
ing the "infertile" part of Port van der 
Capellen, next to district Soellt Aler, 
also located on these Tertiary rocks, 
"produces too little rice to supply its 
needs." But the districts of Talang and 
Solok with volcanic soils "have even an 
excess . " 

In Alahan Pandjang the cultivated 
land is concentrated in the surroundings 
of the main town and paddies are found as 
high as l, 300 .m. above the sea. There the 
paddy stands as long as 9 months in the 
field and even then gives an outturn of not 
even 5.0 qu./ha. The soil is a senile 
brownish yellow to brownish red lixivium, 
and its poverty is clearly demonstrated hy 
the miserable natural vegetation of grasses 
and many ferns. In the mind of the unsus- 
pecting person who sees the Intense black 
surface soil, there are raised delusive 
expectations of excellent fertile humus 
which, however, does not exist. We have 
already come across analogous "dazzling, 
examples" in Plores, Atjeh, and the Karo 
lands . 

In Moeara Laboe rice cultivation 
is limited to the stretches along both 
sides of the highway between Lolo and Loe- 
boek Gadang. Yields are moderate, perhaps 
13 to 17 qu./ha. paddy, That the old moun- 
tain, east from the long narrow valley, 
does not have much which Is attractive 
from a standpoint of agriculture, is com- 
prehensible. But it now appears that the 
mountains lying to the west from there, 
given’ on the geological map as "volcanic," 
likewise give no inducement for the set- 
tling of an agricultural population. The 
vulcanism must have occurred very long ago, 
otherwise the soil would not be so senile 
and so poor. 

Plnally we come into Korlntjl 
where, thanks to the activity of the group 
of volcanoes to which the Plek van Ihdra- 
poera belongs, we again find "yields of as 
high as 60 qu./ha. While in many 

other stretches of the entire region hero 
being dealt with, it may be the case that 
there is definitely a pinching P deficiency- 


168 . Hangelbroek, Mem. v. Overg. o.a. Soellkl (Mel 193^), p. 34. 

169 . J. M. J. Morelnk, Mem. v. Overg. Fort v/d Capellen, (Jull, 1952), pp. 5-16. 

170 . H. F. J. Pothaet, Mem. v. Overg. Fort v/d Capellen (Oct., 1950). 

171 . W. C. Stolk, Verv. Mem. ond. afd. Solok (Mel 1931) > P* l4. 

172 . Jaarversl. Afd. Landb. (1929), p. 275 . 
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Here on these younger volcanic soils is it 
more the nitrogen which is the limiting 
factor. 

We have been discussing the rice 
yields of Tapanoell and Sumatra’s West 
Coast more fully than for any other pre- 
ceding region or island, because In these 
regions rice agriculture Is an old, de- 
veloped, Intensive culture closely adapted 
to the possibilities which the soli and 
climate afford. We have seen the great 
soli differences express themselves In 
great differences In productivity. The 
long narrow valleys from which one can see 
neither the Indian Ocean nor the Java Sea 
nor the low plain of the east coast, and 
consequently have a relatively less wet 
climate, often because of their more last- 
ing fertility surpass other localities. 

Into such lands Occidental science 
and culture now penetrate and prove that 
In one place the limiting factor Is a lack 
of water, at least an uncertainty of Irri- 
gation, In another a lack of nitrogen, and 
almost everywhere a lack of P. At the 
same time, science points out how these 
deficiencies are to be remedied. As far- 
mers the natives excel many other peoples 
of the Archipelago, and readily accept new 
Ideas, and so without excessive optimism 
we may expect In the next few decades 
considerable progress In methods of culti- 
vation, Irrigation, fertilization, seed 
selection, etc. 




Besides rice and other food crops, 
these districts have considerable areas of 
a number of plantation crops. For Tapanoe- 
ll these are especially coffee and. rubber. 
Sumatra’s West Coast grows cocos for the 
copra, and also tea and quinine. 

The coffee culture In these regions 
was begun with arablca coffee and then 
much later robusta was brought In. By 
nature arablca coffee Is not at home In 
the Netherlands Indies, and according to 
Its ecological requirements certainly not 


In West Sumatra mountains. The climate 
there Is really much too moist and the 
supplying of the roots with food substances 
from the soli is presumably not Intensive 
enough. Therefore the coffee plants are 
set out in tropical high forest land, 
maturing In a few years, with good produc- 
tion In the 4th to 8th years. Then follow 
a couple of years decline, and then the 
plantation falls. The planter must begin 
anew elsewhere. So it was In the Padang 
Uplands, later It was the same and Is 
still so In Mandalllng, and It has been 
the same already for some years in the 
Dalrl Lands. Veth^^^ drew a characteristic 
picture, how In Mandalllng, close to the 
equator, the forest coffee of the natives 
looked like high trees, with thin branches, 
few leaves, few berries, but--fancy qual- 
ity! Meanwhlle--one must wait not 10 years, 
but 20, before starting to use that same 
land again for a second planting. This 
reminds us of the Dell tobacco culture. 

But there the total time for a rotation Is 
only 8 to 10 years, while here for the 
coffee, according to rough estimates, 30 
years or even more are needed before first 
class forest Is again ready to clear and 
burn. Actually that never comes about, 
since the natives do not leave the land 
alone but use It for cattle pastures, burn 
It off, etc., hence the abandoned coffee 
gardens do not grow up Into forest but be- 
come cogonals . On the part of the Govern- 
1 74 

ment, endeavors are now being made to 
rescue the soli by the timely application 
of green manuring (with Crotalarla and 
Calopogonlum ) and to make It again sulta- 
able for the cultivation of coffee. But 
we will first have to wait to see whether 
or not the results will be successful. The 
cultivation of coffee makes certain demands 
of the soil and climate which are very 
difficult to satisfy through a long period 
of time. This Is what makes coffee such 
an unstable crop and liable to disappear, 
especially when one thinks In terms of 50 
or 100 years. Brazil Is a large country 
and coffee Is grown today In very different 
localities than It was 50 years agq.^^^ 

On Sumatra and In other districts of the 


^ 75 . R. j. Veth, Sujnatra coffees of today. Tea and Coffee Jl. (May, 193^ Jf p* 408. 

^ 74 . B. J. Hagrels, and H. Vonk, Inh. Landt. Tapanoell, Landbouw III (l927-'28), pp. 69^, 704-705. 

^75. In a recent propaganda publication from Brazil It Is stated that "at present in Brazil 200,000,000 
coffee trees have been abandoned!" Compare also: Geograph. Rev. (New York), ^ (1932), p. 227, 
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Netherlands Indies the case Is similar and 
for the same reasons. 

It was hut a few years ago that a 
great highway first opened up the Dalrl 
lands, so that produce can now be trans- 
ported out much easier and cheaper. Hence 
the area under coffee Is still Increasing. 
In Mandalllng, however, the peak has prob- 
ably already been pa33ed--though there 
would seem to be a chance that through 
green manuring and reforestation suffi- 
ciently good new coffee lands could be 
built up. Regarding the coffee estates on 
the Goenoeng Talang we read^^® that around 
35 years ago young plantings In the 5th to 
7th year produced In one year 7 to 9, and 
even 10 quintals per hectare, but 20 year 
old plantings and those older produced 
only 5 qu./ha. In the good years another 
estate yielded even as much as 9 to 10 qu. 
/ha. --The soil was called "very crumbly 
and porous" and judged to be much better 
than that on older lands on other estates, 
with "more clay" but also with "more humus,"; 
which produced but 5 qu./ha. But now let i 
us see the history from then on. After 5 I 
years quite a bit of cassia stood next to 
the coffee; after 10 years the coffee was 
on the deline, and was replaced In part by 
cinchona. After 20 years the coffee was 
almost nothing and the cinchona had become 
the principal culture. After 30 years all 
the coffee was grubbed out, also the cas- 
sia, and following the cinchona they had 
begun to raise tea.^”^^ 

This temporary character of coffee 
culture Is apparently also the reason why 
Hultema wrote^^® as follows In his mono- 
graph: "Accurate data regarding the pro- 
duction of native coffee cannot be given." 
"There never Is obtained a constant yield 
on any one planting, and thus In order to 
arrive at an evaluation of the soil from 
the production it would be necessary to 
collect very exhaustive statistics con- 
secutively for many years. That Is, how- 
ever, not worth while for a crop such as 
this which lasts for but one generation. 


We must thus fall back upon estimates. 
Worthy of record Is the following statement 
by Tergast^^® relating to Sumatra’s West 
Coast. "The yields are dependent upon the 
quality of the land and upon the more or 
less successful maintenance of this quality 
The best yields are obtained In the regions 
around Port van der Capellen (on the slopes 
of the Merapi volcano). In Korlntjl and 
Moeara Laboeh." (Around the Pelk van Kor- 
lntjl; thus. In general, on the young vol- 
canic mountain slopes). 


* * * # # 


While these remarks apply especlall 
arablca coffee In the lower land, robust 
coffee Is also planted out on a large scale 
In European olantatlon style on the foot of 
the Goenoeng Ophlr at an elevation of 150 
to 400 m. The Ophlr Is a volcano which has 
not yet been carefully studied. Its rock 
Is perhaps somewhat on the acid side, da- 
cltlc. There la not a thick layer of for- 
est humus on these lands. Moreover the 
soil In general Is still on the sandy side, 
very juvenile. The light, primary forma- 
tlon of tuff^®° Is still quite a little 
ways below the surface. Such a cemented 
layer may Indeed be a hindrance to cultiva- 
tion, yet It does not seem to be a hind- 
rance to crops, as frequent experiences on 
Java, and also on Sumatra Indicate. Apart 
from that the cultivation of robuata coffee 
Is In the hands of the native population. 


* # # * # 


More important is the cultivation 
of tea and cinchona , here mentioned in the 
same breath, since they repeatedly occur 
together, with the tea most times at a lover 
elevation, the cinchona^ higher up. 

The oldest tea plantings on Sumatra 


176. See: W. L. van Warmeloo, "De Nleuwe Glda,” (Ned . -Indie ) , III ( 1901 ), p. 788. 

177. The details of these changes are to he found In the full series of Handh. v. Cult, en Hand. Ondern. 
(Amsterdam, I888, to the present). 

178. W. K. Hultema, Bevolk. kofflecult. Sumatra, Dies. Wagenlngen ( 1935 ), P* 159 and also p. I70. 

179. G. C. W. Chr. Tergast, Monogr. hev. kofflecult. Ned, -Indie, Med. Afd. Landh., 15 ( 1930 ), p, 24 . 

180. See pp. 1U3-I44, 

181. In the most recent years ( 1936 ) a considerable area of cinchona plantings seems to have been given iJP 
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are found on Tanang Taloe, north from the 
Ophlr, a large portion on Precarbonlferoua 
rock. Even though the soil does possess 
residual fragments of young volcanic na- 
ture, on the vhole it is a quite senile 
veatherlng product of the underlying clay 
slates. Evidently an old brownish yellow 
lixivium soil, which now and then has been 
somewhat rejuvenated by some volcanic ash. 
In Its 25 years* existence this Estate has. 
Indeed, known many ups and downs. This is 
no wonder, for those who understand know 
that tea grows best when tropical high 
forest land with adequate humus can be 
cleared for It. But when this surface 
soil has been eroded, then the subsoil Is 
miserable and poor. The difference comes 
out In one single figure, the phosphorus 
content. In the but 5 cm. thick surface 
soli there is 0.219^ P2O5 while at 50 cm. 
depth In the yellow lixivium only 0.008^. 
With such data at hand It Is understandable 
that especially In the West Sumatra moun- 
tains there should be a change In forest 
clearing practice, so that Immediately 
after the cutting of the forest nothing 
should be burned. I would also be Inclined 
to advise that the soli should be quite 
thoroughly mixed to about one foot deep, 

30 that nothing of that expensive thin 
surface layer should b© lost. And then 
all the cut timber should be laid across 
the slope for the protection of the soil 
against erosion. In this way terraces 
would gradually form by themselves. 

On Mt. (Ooenoeng) Sago, which Is 
also called Mt. (Ooenoeng) Mallntang, there 
lies an estate which plants not only tea 
but also cinchona. The rainfall Is less 
than the average 5 to 6 meters on Tanang 
Taloe, But G. Sago has lain dormant quite 
a long time and the soil Is also quite 
senile, more a reddish brown lixivium, here 
and there with some ash from Mt. Merapl. 
iThe so-called "mountain granulation" makes 
-he physical condition of this plantation 
soli especially good. 

At present on the Merapl there Is 
also but one Estate raising cinchona. Not 
that on the fertile slopes of Mts. Sago and 


Merapl more estates should have been laid 
out, but the Increasingly dense population 
below the existing forest reserves has 
taken up practically all the available and 
not too rough land for their agricultural 
purposes. The excellent sandy silt soils 
are Ideal for cultivation and hold ade- 
quate moisture for cultivated crops. 

Mt. Slnggalang Is less In demand. 
According to Kemmerllng (see page ^95), 
whose findings are confirmed by my own 
Impression, this mountain Is built up of 
somewhat more acid material, poorer In Iron, 
and also more senile. The soil Is thus 
less pervious. Is paler, and more acid In 
reaction. Mt. Talang Is better, and there 
are a number of estates on It. Along with 
the disappearance of the original tropical 
high forest humus, the old arablca coffee 
has passed out. The kind of cinchona which 
is being cultivated at present frequently 
cannot attain deep root development, since 
the surface soil reacts more acid than the 
subsoil, with the consequence that the con- 
stituents dissolving In the water In the 
surface horizons precipitate again down 
deeper In the soli. This has brought 
about a cementing, although It may be 
slight. Into tuff or the formation of 
masses of Iron oxides. 

At present the most Important tea 
and chlnchona estates lie on the north- 
ern slopes df the complex of young vol- 
canoes to which the Plek of Korlntjl be- 
longs. In comparison with other cultivated 
regions of this part of Sumatra, this soil 
has been cleared only a short time (see 
Fig. 190, page 510), so that the greater 
part was virgin land for these pl’antatlon • 
crops . 

Yet presumably these lands were 
not particularly rich In humus. After 
but a few years of cultivation some already 
began to show clearly the need of green 
manuring and N fertilization. What, how- 
ever, Indeed does strike one Is that the 
absorptive weathering complex Is by no 
means saturated with bases and shows an 
especially low content of absorbed calcium, 
besides a high though a less to be desired 


With respect to the European estates on Sumatra’s West Coast and their soil characteristics, there 
tave heen made accessible to me extensive reports and analytical data, which have not been published 
ty the Extension Service of the Central Experiment Station Association at Padang. For this courtesy 
a special word of thanks Is certainly In order. I am Indeed grateful that I have been allowed to 
^ee this material. 
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Photo by H. Wltkamp 

Fig. 190. Poad cut through loose, pale tuffs near Sanggaran Agoeng, 
Korlntjl. Severe gully erosion. The surface soil above Is held In 
place by humus. 


content of sodium. The "clay"--lf one may 
use this short word for the absorption com- 
plex--ls thus not the "hydrogen clay" of 
the very strongly leached out senile soils, 
but rather a "hydrogen-sodium clay" with 
small quantities of potassium and magne- 
sium, besides variable but relatively too 
small quantities of calcium. 

More frequently on Sumatra there 
seems to be relatively too much Na and 
too little Ca in the absorption complex. 
Among other places this Is the case In the 
Pakpak Lands, on llparltlc soil, here and 
there on the East Coast, and also on the 
Ophlr. It reminds us also of the lands 
which originated from acid pumice stone 
tuffs and dacltes. In the following chap- 
ter, In the discussion of the rocks of the 
Djambl mountains, we shall again return to 
this point. 

Meanwhile, If it turns out that 
the ejecta of the volcanoes of the Plek 
van Korlntjl complex have not been after 
all so very basic andesites with high cal- 
cium content, but rocks richer in sodium, 


then that would explain much. It would 
also incline us to the conclusion that 
besides extensive application of green 
manures and N fertilization, liming Is 
necessary on many soils for the benefit 
even of the tea and cinchona plantings. 

Of the rubber cultivation there Is 
not much which can be said here, at least 
nothing leading to particular conclusions 
relating to the soil. In Mandalleng there 
have been plantings of native rubber since 
1910. These are among the oldest .In the 
Netherlands Indies.^® The reason for 
this Is to be sought for In economic cir- 
cumstances, but In passing It Is worthy 
of note that the preeminently fertile por- 
tions of Java, Ball, Lombok, Celebes, Atjeh, 
Sumatrans West Coast, and the south of the 
Lampongs, produce little or no native rub- 
ber. There the Inhabitants make a good 
living from the cultivation of food land 
other crops which they have raised since 
olden times. In those regions they did 
not and do not need to plant rubber to 
add to their Income. 


185. Hagreifl and Vonk, 1 . c . 
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Regarding the export of native 
ruhher, data from Luytjes^®'^ for the year 
1925 , calculated as percentage of the 
total, In combination with the regional 
quota, fixed in August, 1936^®^ gave the 
following figures (Table lOy): 


In Djambl*3 low hilly country (cf. 
pages 5^1-5^6) there Is nothing else but 
poor land. In consequence rubber has been 
a notable product. In Palembang's lower 
lands conditions were much the same. The 
"talang" is properly the undulating hilly 


Table 10? 


PERCENTAGES GF RUBBER PRODUCED BY NATIVES IN THE SEVERAL DISTRICTS 


1925 

1936 

1. Western Subdivision of Borneo 

20.lt St 
19-0 St 

18 4 ^ 

21.1 St 
19.4 St 

1 s A 

2. Southeni and Eastern Subdivision of Borneo 

5. Djambl 

1;. Palembang 

l4 4 ^ 

l4 2 ^ 

5. Sumatra's East Coast and Atjeh (especially Bengkalls and Upper Laboeanbllik) ... 

6. Rlouw and Dependencies, (especially Indraglrl) 

i3-'i i 

8.4 St 

12.9 i 

8.6 )t 

7. Tapanoeli , , 

^ 8 i 

3.9 St 

2.9 St 

1 5 i 

8. Sumatra's West Coast 

2.1 St 

9. Ban«ka - r . 

10. Bengkoelen, Lampongs 



99.9 i 

100.1 St 


In these figures (Table 107), which 
In the course of a decade obviously remain 
very uniform, we can see at once where In 
the Netherlands Indies the native rubber 
Is grown, and where not. In connection 
with the soil of these rubber regions the 
following may be said: 

In the western subdivision of 
Borneo (cf. page 402), except in the 
coastal strip planted with cocos, no very 
rich soil types are to be found. There 
are not even any active volcanoes there, 
just as there are none in the Southern and 
Eastern Subdivisions of that Island. In 
the Eastern Subdivision there was and in- 
deed still is rice cultivation (see pages 
395~4oo), but the yields are not hlgh^®® 

^nd In the time of high rubber prices the 
Malays, a trading people, quickly planted 
®uch rubber. Only after the fall of 
prices were the Hevea plantings in a num- 
ber of places again replaced by rice. 


plain, stretching out from the Lampongs over 
Palembang and Djambl to Indraglrl and even 
to Bengkalls and to Laboeanblllk--the great, 
miserable terrain, of which the best, or 
speaking more correctly, the least bad 
pieces are planted to rubber. This has 
been maintained, even after rubber prices 
fell. 

"in Tapanoeli most of the native 
rubber cultivation extends along the high- 
ways between Sibolga and Padang Slderapoean, 
with Batang Toroe as the center. Kota No- 
pan is also a center, but of second rank."^®*^ 
Here the natives have thus given the pref- 
erence to soils which were not good enough 
for other crops but which receive from the 
Batang Toroe, and other rivers from the 
North and east, older and younger volcanic 
material from the Loeboek Raja and its 
back country. In comparison with these 
soils, the surroundings of Kota Nopan, 
apart from the valleys which are regularly 


These data have been taken from de Bevolklngsruhbercultuur In Ned. -Indie, in 7 Reports 192':)-1927- 
buytjes, VII. Final Report, p. 6. 

^^5. See: Kolon, Tljdechr, 24 (Nov. 1936), 642. 

^^6. Average about 17 (^uintale per hectare dry paddy, according to H, J. Schophuys, Dies. Wagenlngen. 
(1936), p. 1J8. 

Bev. rub. cult. In N.-I., V. Tapanoeli en Sum. W. kuet (1926), p. 32. 



S12 


the soils of equatorial regions 


planted to food crops, are certainly of a 
still lower quality. 

Finally an eloquent citation:^®® 
"The native rubber culture of the Vest 
Coast of Sumatra is not of particular sig- 
nificance nor will it ever be so — seeing 
that the Menangka farmer, who with his .... 
paddles and coconut culture. ., .gets along 
well, and is not much interested in. ...the 
cultivation of rubber." — The few stretches 
where there is still enough rubber to jus- 
tify mention are: (l) Loeboek Slkaplng, 
subdistrict Mapa Toenggal, where "rubber 
may be planted only on poor, yellow, sandy 
lands, not suited for paddy or coffee. 

Red or black soils are "reserved" for the 
latter cultures^®®; and (2) the subdivi- 
sions Bangklnang and Pangkalan Kotabaroe, 
already belonging to the lower land and 
therewith geographically to Indragiri, 
Djambl, etc.-- 


* * # * * 


The planting of rubber Is as new as 
the coconut culture Is old. This latter is 
generally spread out along the west Coast 
of Sumatra, except on those places where 
the mountains descend preclpitlously Into 
the sea. Yet there Is a difference. There 
are places where cocos crowd out everything 
else; and other places where there are only 
a few scattering palms. But in the in- 
terior the differences are still greater. 

In some places there are many cocos, in 
others none at all. 

Searching for an explanation for 
this, we may safely proceed from the hy- 
pothesis that without doubt the natives 
must certainly have tried to grow cocos 
everywhere, so that the present day utili- 
zation of the land undoubtedly to a great 
degree Is the resultant of the natural fac- 
tors. After the earlier parts of this 
book appeared, the Chief of the Coconut 
Experiment Station at Menado, Celebes in a 

190 

brief survey wrote me In part as follows: 
"The lands which in the eastern part of 


the Archipelago are considered to be adapted 
to the cultivation of coconuts ordinarily 
are always on the coast. Here is the most 
Important requirement for good development, 

namely, much water, Only in a few 

places In the interior is the cultivation 
of cocos possible on a large scale and in- 
deed just In those places where in some 
other way the great water requirement of 
the tree has been met." (Abundant and 
uniform rainfall, a location surrounded by 
paddles, a quite high water table). This 
might be correct for Mlnahasa and foi* 
quite an extensive region around It, but 
for other parts of the Archipelago as, for 
example, on Sumatra the predominant require- 
ment for cocos Is certainly not the water, 
but rather, other factors which turn the 
balance. In Tapanoell and Sumatra* s 
Vest Coast there are hardly to be found any 
places with a continuous deficiency of soil 
moisture, and those localities with even a 
periodic lack of water are relatively very 
few, while It Is still very much of a ques- 
tion whether or not those are the worst 
lands for the cocos. Yet on the other 
hand there are extensive bodies of soils, 
both at high as well as at low elevations, 
with an excess of rain and soil water, where 
the cocos simply do not grow at all and even 
if they do grow, they do not bear any nuts. 
Thus the soil there must lack something 
which hinders growth and nut production. 

On the coast, however, that factor, be It 
positive or negative, is not present, for 
along the coast if only there is the. re- 
quired supply of water the cocos always 
grow. "The cocos must hear the sea mur- 
mur," Is the common saying of the people. 
But: "As to a favorable action of salt we 
have never come across anything," says 
Teirames,^®^ That may be correct for sodium 
chloride. Sea water, however. Is more than 
a solution of NaCl. It contains also K, 

Ca, Mg, SO4 as well as Br, I, and minute 
quantities of a number of other elements, 
which may be the very ones of essential 
Importance. If now somewhere in the In- 
terior these are lacking in the soil then 
that may be the reason why the cocos do 


188. Idem ., p. 57. 

189. Bevolk. rub. cult. In Ned. -Indie, V, p. 6I. 

190. P. M. L. Tammee, "De groelvoorwaarden en productle van de klapper," (Jull 1935 ) > Not yet publiebed 

(1957). 

191. In an appendix of October, 1935 * 
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jiot 3 ucce 0 ci, for llkoly the coco needs 
them, as our human body has need of traces 
of iron, copger, boron, manganese, and 
molybdenum.^ ^ So something similar might 
veil also be the case with the cocos and 
If the lands on which they stand, lying 
higher, "hear the murmur of the sea" then 
there Is a pretty good chance that on- 
shore winds can carry spray there from the 
sea and thus there Is brought to the cocos 
vhat they have need of, which Is much more 
than merely some cooking salt. But If the 
soli Itself possesses the requirements for 
growth, then the proximity and Influence of 
the sea Is not necessary. This last for 
example Is very probably the case on the 
volcanic terrains near to Pajakombo and 
Fortvander Capellen.^®^ Smlts says 
clearly that In the stretches observed 
(Priaman, Pajakombo and Fort van der Ca- 
pellen) the proximity of the sea has no 
effect upon the yield of nuts." 

Variations In the rainfall within 
the limits which occur here (6,000-1,600 
mm.) also seem to have no effect, nor do 
the variations In elevation between sea 
level and 600 m. But the soil structure Is 
quite another matter. "It appears to be 
quite certain that nothing Is so Injurious 
In the cultivation of cocos as an Imperme- 
able or difficultly pervious soli. Also, 
ir solid layers occur In the soil, then 
the soil pores easily fill up with silt, 
and the yield of nuts Is noticeably less." 

As a "first requirement," Smlts states "the 
most Important are sand and good drainage." 
Further on (p. 11 ) he calls attention to 
this! that the coco palm requires very 
good soil aeration. For growth and produc- 
^^lon strong root breathing Is a primary 
factor. In the second place Is the need 
a supply of easily taken up plant nii- 
tJ"lent materials . " 


Nowhere else are all these require- 
ments so excellently fulfilled as on the 
large tuff plateau of Loeboek Basoeng 
lying behind Priaman and farther up on 
the foot of the Merapl. On the first men- 
tioned terrain the soil Is juvenile, sandy, 
rich In pumice stone gravel. The water 
conditions are thus extremely favorable. 

On the foot of the Merapl It Is the same 
with very juvenile andesitic ash layers 
associated with adequate and satisfac- 
torily moveable soil moisture. No wonder 
that cocos produce 60 to 70 nuts per tree 
per year. The humus content, however. Is 
a bit too low. With green manuring and 
cultivation of the land the production may 
easily be raised to above 100 nuts per 

194 ^ 

year. 

On the granite the soils also 
appear very useful, but they are poor In 
humus and the production Is about 40 to 60 
nuts. A similar yield Is obtained on the 
small strip of coarse coastal sand. If on 
the last-mentioned strip the humus content 
Is Increased, the production can be 
doubled. 

The low lands, mostly alluvial, 
which lie behind the coastal sand are 
heavier, although In Priaman they are not 
heavy enough to be called a clay. Yet the 
yields are lower, say from 60 to 60 nuts. 

On the coral Islands, however, only about 
60 nuts, and on quartz sandy soil (on Ter- 
tiary rocks) mixed with schists, not 
even 16. These quartz sandy soils are the 
very ones which respond the best to humus 
and fertilizing. With these materials the 
productivity may be Increased very con- 
siderably . ^ 

This study by Smlts thus illustrates 
excellently the Influence of the parent 
rock, and at the same time the Influence 
of the physical condition of the soli which 


192 . 

193 . 
I9h. 
199 . 
196 . 


Compare pp. ^76-1+77 of this book. 

Soe: M. B. Smlts, Onderz. Klappercult, Sum.-W. kust, Meded. Lb. Voorl. dlenst 1 ( 1918 ) p 6 

Suits, 1 . c , pp. 9 , 28 . - ^ • 

Suits, 1. c ., pp. 15, 28 . 

In Thailand (Slam) on poor sandy soils cocos often do poorly, at times bearing practically no nuts, 
ut even If hundreds of kilometers lYom the sea coast the cocos yield quite well when growing close 
about the farmers’ or laborers’ dwellings or huts. In such locations the palms receive a suffl- 
'^lently abundant and varied supply of plant food and water from the habitation wastes to grow well 
and bear good crops of nuts. (This appears to be the case whether the climate Is continuously 
^alny, or has a long annual dry season.) Undoubtedly this Is the explanation of another rather com- 
mon saying about cocos, that "If they cannot hear the sea, they thrive only within the sound of the 
human voice." RLP. 
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has been produced by the weathering of 
that rock, upon the success of coconut 
cultivation. How we do wish that the lit- 
erature were rich In such monographs I 
/ Of the rest of the crops of Ta- 
panoell and Sumatra's Vest Coast, tobacco 
Is the one about which something should be 
said in connection with the soli. Around 
Pajakombo this crop finds the soil suited 
to it,^^"^ especially as expressed In the 
moisture conditions and the relatively easy 
provision of plant food materials. But not 
all places In and around the Vest Sumatra 
mountains, where there are similar young, 
sandy or light loamy ash lands, are equal- 
ly suitable. The outer slopes toward the 
Indian ocean, Loeboek Basoeng for example, 
cannot be considered for tobacco, Ist be- 
cause of the high rainfall, and 2nd on 
account of the salt water spray blown In 
with the strong onshore winds. In this 
way significant quantities of NaCl are 
brought onto the soli, thus unfavorably 
affecting the burning quality of the re- 
sulting tobacco. 




^ . THE MOUNTAINS OF SOUTHERN SUMATRA 

In spite of all their differences, 
the mountains of Djambl, Palembang, Beng- 
koelen and the Lampongs show from the point 
of view of soli science so many points of 
similarity that It seems to be desirable 
to here discuss this part of Sumatra as a 
whole. Then, likewise, the whole low 
plain of the East coast can be treated as 
a whole. 


Soil-Form i ng Rocks 

The most important contrast between 
the mountains of Southern Sumatra and those 
of the central and northern part of the 
Island Is that In Southern Sumatra In tho 
late Tertiary and especially In the Quater- 
nary, volcanic activity played such a pre- 
dominant role that, except for a few Fre- 
tertiary complexes remaining, but very 
small areas of those older rocks now lie 
on the surface In a way to have any effect 
In a soil-forming capacity. Those Pre- 
tertiary complexes are; 

1. The Tlgapoeloe mountains, lyin^? 
half In Indraglri and half in Djambl. Just 
as is true of the similar northerly lying 
mountains, a large part of this complex Is 
composed of "sandy clay slates and quart- 
zltlc sandstones, here and there altered 
Into hornblende and nodular slate. 

2. The complex between the Batang, 
Tebo and the Batang Merangln, made up not 
only of granite, but of all sorts of very 
old volcanic material, old tuffs and fossil 
lahars.^^^ But here we do not find the 
quartz sandstones and clay slates which are 
so very widely distributed farther north. 

The complex between the Batang, 
Tembesl and the Ajer Rawas and Ajer Roepit, 
which agrees with the "Trias region" to 
the southwest mentioned under ( 2 ). The 
rocks of this complex are slates with 
phyllite-like shining surfaces, a few 
quartzite-llke sandstones, lime phyllites 
and limestone masses. 

4 . The Goemal mountains in Palem- 
bang are again different and show inclu- 
sions between "more or less sillcious clay 
slates, with porphyrite and porphyrltic 


197. With respect to this compare what has been said more at length on pp. ^7^-5; ^84-5, ^88 ff. of this 
book. 

198. In another publication I have already done this; J. W, J. Wellan, Zuld-Sumatra, Wagenlngen, (193'-'); 

pp. 71-81. 

199. J. Zwierzychi, Toel. bl. VIII; Geol overz. k. N. I. Arch., Jb. Mljnw. (1929) > P* 89. It is logical 
to suppose that under these there are hidden "sandy clay slates" and "loam slates"; but that word 
"loam slates" is still not yet generally in use among geologists. But If the main mass of the rock 
is made up of quartz grains of a size between 20 mu to 2 or 1 mu, it is difficult to correctly call 
it a sandstone and just as difficult to call it a clay slate, even though the rock poSBeseeB about 
10^ clay or even still somewhat more. 

200. J. Zwlerzyckl, 1. c., pp. 82-85. 

201. J. Zvlerzycki, 1. c., p. 86. 
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tuffs; thus old volcanic materials which 
are also found In the 5 rd complex. 

5 . The Boeklt Garho, between 
Batoeradja, Martapoera and Goenoengtoewa, 
with granite and tuffs as under (4) but 
also sedimentary rocks. In part metamor- 
phlcally altered, as mentloned^^^ under 
( 5 ) and ( 1 ) above. 

6 , Finally, In the Lampongs a 
complex of an entirely different nature, 
consisting not only of granites and grano- 
dlorltes varying to quartz dlorltes, but 
also of crystalline schists, which Include 
gneisses, amphibolite, blotlte gneiss, 
chlorite schists, mica quartzites, amphl- 
hole schists and marble. Thus forms are 
Included which are both very rich In quartz 
and very poor In quartz, or some without 
any quartz at all. 


* * # * * 


This is practically all that Is tc 
be said about Pretertlary rocks. To the 
Tertiary belongs the Paleogenlc, which 
vhlle very Important In central and north- 
ern Sumatra, does not occur In southern 
Sumatra In bodies of any extent except a 
single long, small, and several times in- 
terrupted strip of the upland from Tals, 
via Tandjong Saktl, approximately to Ranau 
lake. Again fine distinctions as to geo- 
logic age, for example, what Tobler calls 
Eocene, and Zwlerzyckl Paleogene, ‘the new 
geological map of Sumatra shows as Old 
Neogene or, In short Batoeradja layers, -- 
are really unimportant for our purposes, 
since we are especially concerned with 
the petrographic differentiation. In 
general we are In agreement that clearly 
from the beginning of the Tertiary the vol- 
canic activity continued to occur at a con- 
tinually Increasing rate. This makes it 
chvious that because of the frequent and 
'^^ny different kinds of eruptions which 
have occurred In South Sumatra, the earlier 
geologically the land surface, the more It 
has been covered over and obscured from 
View. 

The ejecta which resulted from the 
^^^I canlc activity from the beginning of 


the Tertiary (really quite a little 
earlier, but after what has just been said 
about such minor differences, mention here 
of small differences is no longer In order!) 
down to today have been. In general, drawn 
off by turns first from one of two reser- 
voirs and then from the other. That Is, 
at one time the magma was acid, then at 
another time magma of intermediate compo- 
sition came to the surface of the earth. 

The existence of definitely basic magma 
has been established In only a few places. 

It Is further to be noted that taken by and 
large the richness of the magma in dis- 
solved gas, and the pressure of It at the 
Instant of the eruption apparently was 
greater, as the magma was more acid. As a 
rule the acid magma which reached the sur- 
face was completely exploded to pumice 
stone and ash, which In one single terrific 
explosion had been thrown up Into the air, 
and then spread over a great area, to 
settle down upon the earth. Very basic 
magma, on the other hand such as the ba- 
saltic, time and again flowed out relatively 
quietly as lava. The intermediate magma 
showed an Intermediate character. This has 
given both exploslvly thrown-out efflatas 
(especially In the beginning of eruptions) 
as well as lava, both porous and solid. 

Prom this It follows that a greater 
proportion of the material of volcanoes, 
originating through gradual building up, 
must consist of intermediate and basic 
rocks (andesite, and basalt) although acid 
ash and pumice stone layers also occur In 
them. But for the acid eruptions a single 
definite eruption point can seldom be 
found. Rather a series of points have 
many times been located along a long fis- 
sure or a series of cracks as at Toba lake, 
Ranau lake, etc., and the efflatas lie 
scattered far and wide over an area much 
greater than that covered by one even very 
large volcano. These acid ash and pumice 
stone efflatas can give rise to soli types 
at a great distance from tl^e eruption 
point. By contrast the basic erupt Ives are 
In the first Instance tied to the point of 
eruption and give rise to the soli types 
derived from these basic rocks on the 
slopes and close around the base of the 
volcanoes from which the magmas came. 


R. W. van Benanelen, Explanation accompanying sheet 10 of the nleuwe Geol. krt. Sumatra (1952). 
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"in the first Instance" should certainly 
be emphasized, because water flowing off 
over the surface transporting volcanic 
products may .sooner or later enormously 
extend the area over which they are spread. 

This more general consideration Is 
necessary In order to be able to clearly 
understand the primary distribution of vol- 
canic parent rocks In Southern Sumatra. 
Furthermore, It Is also necessary to keep 
In mind* that there Is apparently a certain 
chronological succession: first pre- 
dominantly andesitic eruptions, now called 
"old andesites," In so far as they were 
erupted In the Old Keogene or Paleogene; 
then younger andesites and dacltes; there- 
upon followed predominantly acid eruptions 
of llparltlc material, that Is to say, 
quartz dlorltlc to granitic In composition, 
giving rise to the "acid tuffs" which cover 
over almost the whole land; and thereafter 
finally a pronounced building up of young 
andesitic volcanoes. That does not deny 
that acid rocks were also formed in the 
older Neogene just as In the youngest 
Quaternary. On the other hand In the In- 
terim more basic magma was ejected. But 
on the whole. Nature held herself within 
the broad lines sketched, which for that 
matter are also true for the volcanic ac- 
tivity which has occurred throughout the 
Batak lands; and likewise also in the Pa- 
dang Highlands. If all these features are 
not discernible It is probably because of 
erosion which has brought about a more or 
less heavy accumulation or removal of acid 
pumice stone where "old andesites" stick 
up through, or where local younger vol- 
canoes have developed on the surface and 
have obscured the original succession. 

If we should fly along above the j 
mountains, from the Plek van Korlntjl 
southeast to the Lampongs, we would get 
the following picture; 

1, Where at present stands the Plek 
van Korlntjl with Its accompanying vol- 
canoes Patah Sembllan, Boeklt Boentak and 
especially the Goenoeng Toedjoeh, there 
was previously certainly a great expanse of 


acid ash and pumice stone, from which tho 
rivers flowing out toward the northeast 
and then curving around toward the east 
had carried off, originally In the form 
of lahars, a great mass of material, in 
this way the plateau of Moeara Boengo vaa 
built up. In how far the latter activity 
of the great volcanoes Is to be credited 
with this formation, cannot be said. In 
1922 Tobler^°^ put it well and briefly: 

"As to the lithological composition of the 
tuff and agglomerate cover (in the Barisan 
mountains of Djambl and surrounding regions) 
no closer studies have been made." And 8 
years later Zwlerzyckl wrote^°^ "Locally 
basaltic, dacltlc and llparltlc tuffs alao 
occur, but In the literature consulted the 
statements are so^ vague and of such a local 
character that from them It Is Impossible 
to give on the map even .provisionally the 
distribution of the different types. "--In 
the south, thanks to the new geological 
survey of Sumatra, we are Indeed much more 
fortunate. 

Seeing that thus even today we Ljtlii 
do not know what kind of rock or rocks, for 
example, compose the Plek van Korlntjl, and 
only by analogy suppose that the rocks are 
principally andeslte^^® with just as much, 
or perhaps more correctly with just as 
little certainty we may suppose that the 
andesitic efflatas have apparently not pene- 
trated far toward the northeast and east. 
Otherwise the plain of Moeara Boengo would 
Indeed be more fertile and more densely In- 
habited than is at present the case. 

2. The plain of Korlntjl, with the 
lake of the same name, has been described 
by Tobler^®”^ as a partially filled up lake., 
to the filling of which all the rivers to 
the northwest of It have contributed and 
as they dally continue to contribute to 111! 
this lake. It Is not Impossible that the 
origin of this plain was similar to that ot 
the Toba lake, and thus may have been the 
source of one or more awe-inspiring lipa" 
rltic tuff eruptions. But the rock now 
filling up the plain seems to be of a 
less acid nature. 


205. For details regarding this see the puhllcatlone of R. W. van Boimnelen; Verb. Gool. Mijnb. Gen., 
Serle H, 2e st. (1951), PP- 57-76, and: Nat. T. v. N. I. (1952). 

20k. A. Tobler, Djambl -vers lag, Jb. Mljnw. (1919), Verh. Ill (1922), p. 55k. 

205. J. Zwlerzyckl, Toei. blj bl. VIII, Geol. Overz. kaart N. I. Arch., Jb. Mljnw. (1929), (I9^ ' 

p. 109. 

206. Figure 190 raises serious doubts regarding this. 

207. Tobler, 1. c ., p. 557- 
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The small plain of Soengel Tenang, 
which possibly also in its time had been 
a lake now filled up is really an extension 
of the Korintji valley. These valleys are 
only partially separated by the higher land 
described under ( 5 ) below. 

Between the two plains running 
in a northwest-southeast direction there 
lies the higher land of a series of vol- 
canoes; first 5“ -the Goenoeng Raja; the ' 
Boeklt Sebandar and the G. Koenjit; and 
then 4 --the G. Soembing, the Bt. Oeloe 
Nilo, the Bt. Mesoeral and the Bt. Toeng- 
kat. Of those the Koenjit and the Soembing 
are perhaps not even yet entirely extinct. 

At least there is still solfataric activ- 
ity. 

The question as to what kind of 
rooks these volcanoes have erupted is dif- 
ficult to answer. On one of the slopes of 
Soembing, Tobler*^^® has observed blocks of 
andesitic rock, and also dacltic tuff. 

Most of the rivers which now rise on these 
volcanoes flow toward the northwest and 
unite with the Merangln and the Tembesl. 
Lover down along the last -mentioned rivers 
and in particular around the fertile fore- 
lands (renah lands) are found deposits 
which are used as paddles. But higher up, 
nearer to the foot of the volcanoes, thus 
in the terrain lying between the road con- 
necting Moeara Slau and Djangkat and the 
lake of Korintji there are almost no de- 
posits. Prom eye witnesses I learned that 
"that terrain was a plateau which sloped 
slightly toward the northeast and was cut 
into very deeply by valleys, --a region 
which reminded one of localities around the 
Toba lake, since it was also very sandy and 
rich In pumice stone and held so little 
water It was not even considered for cul- 
tivation, neither for plantation crops nor 
native agriculture.” So we shall thus 
probably be not far from the truth If we 
^ccGpt that here lies a great expanse of 
llparltic tuff. But that does not neces- 
sarily also mean that the above-named vol- 
is built up of the same rock. This 
can very well be of a more intermediate 
composition and thus be dacltic or ande- 
sitic. But then it is also likely that 
Iheso dacltea and andesites are not spread 


out so far from the point of eruption. In 
other words, a larger proportion likely 
remains behind on the volcano and on its 
immediate surroundings. If these supposi- 
tions are correct, they' should be able to 
explain why the fertility of the soil is 
boasted about in stretches lying nearby, 
such as the plain of Moeara Manderas, along 
the Soengel Mentenang, and likewise in 
the uppermost headwaters course of the Tem- 
besl, just north from there. 

4. Now to the southeast to about 
Ajerdingln there follows a piece of moun- 
tain land which is divided into two por- 
tions by the line which is the continua- 
tion of that of the plain from Korintji and 
which runs along the upper course of the 
Ajer Seblat, Tambang Sawah, Moeara Aman 
and the upper course of the Ajer Ketahoen 
toward Ajerdingln. Northeast of this line 
lies much old rock such as sandstones, clay 
slates, already mentioned above (page 3l4 
under (3)) and, according to the map of 
Zwierzyckl, also much old andesite and 
rhyolite. Wliether this rhyolite differs in 
composition from that of the llparltic tuffs 
occurring in such quantities everywhere on 
Sumatra may be doubted. According to Moer- 
man's descrlption^^^^ it has precisely the 
same minerals in it, namely sanldlne, or- 
dinarily also much plagioclase, quartz and 
almost always biotite, while hornblende and 
augite are less frequent. The rhyolites are 
most times very rich in quartz, with a con- 
siderable content of plagioclase (then also 
richer in calcium). They grade into dacites, 
whereby at the same time the content of 
hornblende Increases and the color becomes 
darker.” We must not neglect to record the 
high content of volcanic glass, especially 
in the rhyolites. When the gases existing 
in it under high pressure suddenly escaped 
from this glass this material became the 
pale pumice stone. Perhaps where solid ' 
rhyolite exists, one might find the erup- 
tion points of the astonishingly great 
masses of efflatas of this composition in 
the lowland of Djambi, and perhaps these 
masses are to be conceived of as already 
degassed final residues of these eruptions. 

Southwest of the above-mentioned 
line lying northwest of Moeara Aman there 


Toblor, 1 . c ., p. 434. . 

^ 9 . C. Moerman, Versl. verkenn. tocht In ged. <1. reslA. Benkoelen on Palembang, Jb. Mljnw. (1915), Verb. 

P. 89. 
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are still a number of mountains of "old 
andesites," but then there follows: — 

5. Approximately at the elevation 

of Moeara Aman a region of younger volcanic 
activity, with the smaller Boeklt Paboes, 
the Bt. Loemoet, the Bt . Gedang Oeloe Lais 
and the Bt. Berltl as a transition Into a 
region of respectably large volcanoes, i 

such as the Bt. Daoen and Oeloe Pallk, 
which are also to be considered as already 
extinct; the Bt . Kelam seems to be still 
younger, and the Kaba must be counted as 
recent and active. These differences In 
age will be considered more closely when 

we discuss the soil types. 

6. Southeast from the Kaba we again 
find relationships similar to those we have 
already met In Sumatra. The upper course 
of the Moesl and the Ajer Keroeh flow along 
the extension of the line Moeara Aman,-- 
Ajerdingln--T joeroep. However, by the Kaba 
this line Is bent out somewhat toward the 
southwest. Beyond Kepajang, again south- 
west from this line, we find "old" ande- 
site, northeast from there with the Boeklt 
Besar there begin the still older, already 
mentioned Goemal mountains (page 51^ under 
(4)) with their slllcious clay slates, 
most times with tuffaceous, old volcanic 
inclusions. Lying In between these two 
mountainous regions is again a young vol- 
canic terrain with the Boekit Dingin and 
the Dempo, This last -mentioned volcano Is 
still active and now dominates its surround- 
ings, although in comparison with those of 
the many times mentioned terrible outbursts 
of more acid magma in former times, the 
Dempo ’ 3 effusives, intermediate to basic 

in nature, are quite modest in extent. For 
that matter it is also very much a question 
whether the Dempo is really the eruption 
point from which have come the efflatas out 
of which the high plain of Pagaralam has 
been built up. Perhaps it once spread out 
excellent ash, which weathered to good land 
on which forest stood. But at present 
there is not much left of the forest. In 
a subsequent chapter something more will be 
said about this. 

7. Southwest from the Dempo, in the 


southeasterly extension of the juat-men- 
tloned "old andesites" there la again 
some mountainous land with old granite 
(Boeklt Pajoeng, Boeklt Radja Mandara), and 
a Paleogene atrip with Tandjong Saktl In 
the middle. -Then crossing the old north- 
west-southeast line, we come back again 
onto very old crystalline schists. It is 
true that the area of these which Is ex- 
posed is very small, but even so It reveals 
something of the basement rocks of Sumatra. 
It Is indeed surprising that this exposure 
actually exists at all. For north and 
south of it are numerous points of volcanic 
eruption, although It Is true these are no 
longer young. 

8. Coming now Into the surroundings 
of Ranau lake, we are within the region 
covered by the new recently published geo- 
loclal map.^^*^ The great advantage for us 
in this is the much greater detail by which 
the different rocks are shown, while in 
the descriptive legend on the maps are also 
a number of analyses, as well as many valu- 
able references to the literature. Of this 
mention has already been made In the gen- 
eral Introduction of Sumatra (see page 4i7), 
Here we may now elaborate the subject by 
recording a number of analyses of different, 
rocks from one and the same intrusion which 
at the center is more acid and on the 
edges more intermediate in composition, (sue 
Table 108, page 519). 

The first rock (85) represents the 
central part of the bathollth. It shows the 
highest figures for 31 O 2 and KaO and the 
lowest for almost all other constituents. 
The following sample (69) has an pspec tally 
high Na content with a low amount of K. 

No. 78 , on the contrary, again has a mini- 
mum Na content. Thus the amount of Na in 
these rocks is not to be relied upon. The 
three first-mentioned rocks, which are acid, 
have clearly more 3102 but less AI2O3, 
FesOa, FeO, MnO, MgO, H 2 O+, TlOg and P^Ob 
than the three last -mentioned which are 
of intermediate composition. Thus here 
TIO 2 and P 2 O 5 clearly accompany the metal 
oxides, particularly the metaslllcates of 
Fe and Mg. 


210. Geol. kaart v. Sumatra 1:200,000, Blad Kroei (1935) • Bewerkt door R. W. van Beinmelen. 

Geol. kaart v. Sumatra 1:200,000, Blad. % BongKoenat (1932) Bew. d. J. Wosterveld. 

Geol. kaart v. Sumatra 1:200,000, Blad £, Kota Agoeng (1931); Bew. d. J. Zwlerzyckl. 

Geol, kaart v. Sumatra 1:200,000, Blad Batooradja (1952), Bew. d. R. W. van Bemmelon. 
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Table 108 

ANALYSES OF DIFFERENT ROCKS OF THE GREAT C3UNI'IE BAIHOLITH IN THE 
BARISAN MOUNTAINS OF BENKOELEN ^ 


Analycea by DJoKo Joewong and J. P. den Haan 


Original 
Sample No. 

8J 

69 

78 

66 

158-159 

67 

Kind of 

Rock 

Blotlte 

granite 

Blotlte 

granodiorite 

Granodlorite- 

porpliyrlte 

QuartZ- 

diorite 

porphyrlbc 

Quartz 

diorite^ 

Quartz 

diorlte 

Place 

W. Baroe 

W. Bambang 

W. Plntau 

W. BajiibaiV‘ 


W. Bjirabaiig 

Collected 

plket 

p. 202 

p. 88 

p. 16 

2 

p. 163 








SIO2 .... 

75.1*1 

71.92 

69.63 

89.09 

57.54 

86.24 

Al^Oa .... 

13.11 

13.95 

18.84 

18.80 

16.47 

17.88 

Fe203 .... 

0.33 

0.66 

0.6J< 

1.73 

4.48 

8.07 

FeO .... 

1.29 

2.48 

2.o4 

8.12 

307 

6.21 

MnO .... 

0.02 

0.06 

0.02 

0.12 

0.09 

0.12 

Ma:0 .... 

0.37 

0.61 

1.21 

1.48 

2.91 

3.53 

CaO .... 

1.28 

3.68 

6.21 

7.69 

6.85 

7.42 

NajO 

3.20 

4.08 

2.28 

2.91 

8.14 

8.4b 

iC,0 .... 

3.80 

0.61 

0.93 

1.88 

; 1.84 

0.81 

H.0 + .... 

0.72 

0.83 

0.79 

1.00 

2.20 

1.4l 

H^O - .... 

0.18 

0.21 

0.11 

0.16 

0.28 

0.06 

CO2 .... 

0.11 

0.29 

— 

trace 

— 

— 

TiOg .... 

0.18 

0.58 

0.48 

0.80 

1.06 

1.01 

P2O5 .... 

0.08 

■ 0.06 

0.06 

0.10 

0.14 

0.11 

S 

0.08 

0.56 

— 

0.08 

0.18 

0.04 

Total .... 

100.07 

100.12 

100.21 

100.08 

99.97 

100.80 


1. J. Westerveld, G. K. Sum., Toel., pp. 26-1^9* 

2. R. Van Bemmelen, G. K. Sum., 0, Tool., p. 28. Very probably a secondary intrusion to Iho north iVom 
the great bathollth. 


If we now consider the acid effu- 
alves of Southern Sumatra (see Table l09, 
page 820), then in composition these come 
quite close to the above-mentioned Nos. 
( 83 ), ( 69 ) and ( 78 ). We may thus cer- 
tainly conclude that they came from a 
similar magma; a magma which if it had not 
reached the surface of the earth, would 
have hardened to a granite or granodiorite 
of some sort or another. 

Only the llparitic tuff from the 
^Pper Palembang layers falls out of line 
because of extra much SIO 2 , especially 
blttle AI2O3, etc. But regarding this, 


Van Bemmelen adds"^^ "The quartz content 
has possibly been enriched secondarily as 
a result of river transport.” Meanwhile 
the analysis is of especial value in, that 
it permits a glimpse into the composition 
of these extensive Upper Palembang beds, 
and which In Southern Sumatra are an im- 
portant factor in soil formation. 

Otherwise the compositions are 
not notably divergent; AI 2 O 3 12 -18'^, never 
but a trifle of MnO; Na^O from 2.8-4.11^. 
Iron to 3^, but sometimes under 1 ^] MgO 
not above I'b, but sometimes almost entirely 
absent. Calcium is also small, sometimes 


511. R, Vmi BemniBlen, G. K. Sum., W, Toel., p. 50- 
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Table 109 


ACID EFFUSrVES OF SOUTHERN SUMATRA^ 


Name 

Llparltlc 

tuff 

Obsidian 

Llparlte 

block 

Llparlte 

block 

Obsidian 

block 

from the 

tuff 

Perlite 

Pumice 

stone 

block 

Porlltlc 

Lava 

Perlite 

bomb 

Pumice 
stone Uko 
dacite 

block 

Place 

Upper 

Pg. 

Pg- 

Pg. 

West 

Ck)edong 

Ranau 

W. Laboe- 

West 

Ranau 

collected 

Palemban^ 

layers 

Semoet 

Somoet 

tuff 

West 

Pajoeng 

Semoet 

tuff 

West 

Roembla 

Koeboe- 
tengah 
moedlk 
No. 107 

eoerlan 

depres- 

sion 

No. 144 

tuff 

No. Ill 

anloenik 

No. 110 

Antatal 

No. 112 

tuff 

No. 105 

AnalyslB from 

Lbhr^ 


den Haan 


den Haan 

den 

Haan 

[ don 
Haan 

don Haan 

den 

Haan 

den Haan 

SIO2 

82.19 

75-52 

75.50 

75.50 

73.70 

75.56 

72.56 

70.05 

69.56 

67.61 

AI2O3 

I 8.51 

12.52 

13.22 

12.25 

12.79 

11.94 

14.09 

14.94 

14.91 

I5.H9 

Fe20 3 . 

1 2.48 

0.46 

0.88 

1.64 

0.65 

0.91 

0.53 

1.62 

1.31 

1.66 

F0O 


0.56 

0.16 

0.15 

1.82 

0.47 

0.33 

1.59 

1.17 

0 .t )2 

MnO 


0.02 

— 

trace 

0.01 

0.06 

0.02 

0.05 

0.04 

0 . 0 ? 

MgO 

0.12 

0.17 

0.02 

0.09 

0.28 

0.04 

0.14 

0.98 

0.91 

0,56 

CaO 

0.14 

0.95 

0.85 

1.3^ 

1.65 

1.27 

1.71 

3.26 

2.70 

1.68 

NasO 

3.42 

2.97 

3.27 

3.67 

3.83 

3.67 

2.78 

4.12 

3.78 

2.97 



2.12 

6.51 

5.09 

4 . 6 ? 

3.^+5 

3.10 

2.68 

2.67 

2.52 

3.19 

HgO + 

} 

0.54 

0.77 

0.60 

1.19 

4.25 

4.23 

0.65 

2.49 


HsO - 

— 

0.29 

0.21 

n.b. 

0.11 

0.20 

0.43 

0.85 

0.08 - 

0.36 

1.14 



T102 


0.21 

0.03 

0.38 

0.25 

0.29 

0.46 

0.52 

0 . 61 . 

P205 


0.37 

0.03 

0.04 

0.08 

0.07 

0.16 

0.10 

0.24 

0.03 

s 


— 

— 

— 


— 


— 

— 

— 

Total 

99.98 

100.20 

100.13 

100.23 

100.01 

99.98 

100.57 

100.55 

100.11 

99.9- 


1 . R. Van Bemmolen, 1 . c ., 6 , pp. and pp, 50 , 5 ^* 

2 . R. Lbhr, Beltr. z. Petrogr. sud-Sumatra-DlBB. Munster i/W, p. 42 . Referred to by Van Bemmelcn, 1 . 
p. 50 . 


under 1^. Potash on the contrary Is from 
2-5 to 6.5^. Phosphoric acid is very vari- 
able, sometimes almost lacking, but some- 
times as much as 0.57^. Taken by and 
large, quantities of plant food substances 
are one-sided, in some respects low. In 
general the petrographic composition of 
these acid tuffs is very uniform. They 
consist of much white pumice stone', from 
large chunks to fine gravel, some of which 
is but slightly porous, in other cases 
foamy. , In these tuffs are quartz and 
sanldlne phenocryats and locally more or 
less mica, and more or less material which 
inclines towards a dacltlc composition. 


The Ranau tuff also contains plagioclast^ 
and some magnetite.' 

In the third place we may now 
consider a number of analyses of less acid 
rocks (Table 110, page 52l). Of the so- 
called "old andesites" there are none at 
hand. The rocks analyzed are all young, 
even younger than the great mass of the 
above -recorded acid effuslves. This ia fh 
Importance since, where they do occur, he 
it then also in a much smaller area, thes'- 
younger rocks cover over the acid tuffs 
and have displaced them in the soll-fori^i^^^ 
functions. 

In contrast with the preceding 
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Table 110 


ANALYSES OF YOUNGER, LESS ACID ROCKS 


Name 

Daclte 

Hypers then© 
daclte 

Auglte 
hype re the ne 

andesite 

Pyroxene 

andesite 

Amphlbole 

pyroxene 

andesite 

Pyroxene 

olivine 

basalt 


West Koeboe- 

West Bambang 

South slope 

North slope 

Oemb. Mandah 

Oel. W. 

Origin 

tengah moedlk 
No. 106^ 

No. 52^ 

of the G. 
Seminoeng 

No. 104^ 

of the G. 

^ 4 

Dompo 

SW from the 
Bt. Bedll ^ 

DJongkang 

NE Bt. 

4 

Mapas 

Analysis from 

den Haan 

den Haan 

den Haan 

Roothaan 

Roothaan 

Roothaan 

Si02 

63-29 

62.39 

61.82 

61.18 

60.72 

55.52 

Al20:3 

15.36 

16.12 

15.98 

17.15 

17.82 

14.76 

Fe203 

)^.16 

2.06 

3.01 

1.62 

5.82 

3.10 

FeO 

1.58 

3.25 

3.17 

3.67 

0.58 

4.68 

MnO 

0.10 

0.10 

0.07 

0.05 

0.09 

0.10 

MgO 

2.71 

2.H2 

2.56 

2.07 

1.35 

6.96 

CaO 

5.19 

5.1^^ 

4.99 

7.22 

5.72 

9.55 

Na-O 

3-^^9 

2.53 

3.73 

3.30 

3.83 

2.45 

K-O 

2.07 

2.05 

2.06 

2.64 

2.96 

1.84 

Ifh + 

0.60 

2.59 

0.66 

0.24 

0.52 

0.26 

H2O - 

0.66 

1.00 

0.42 

0.04 

0.08 

0.06 

TIO2 

0.86 

0.59 

1.47 

1.11 

0.73 

0.92 

P^Or. 

0.10 

0.09 

0.14 

0.11 

0.08 

0.15 

Total 

100.17 

100.51 

100.08 

100.58 

100.30 

100.33 


1. Van Bemnielen, I. c , , p. ^0. 

Wosterveld, 1 . c » , 2? I* 29. 

3- Van Beimnelen, 1 . c . , 6, p. J}6. 

K. Ph. Roothaan, Nat rTlJds, N. I., ^ (l929), pp. 907-510. 


effualvea. In these less acid rocks there 
Ic a much higher Iron content, with which 
also more T1 Is combined. But at the same 
time there is a higher content of the 
other metals Al, Mn, Mg, and Ca. The P 
content is not high, which Is contrary to 
expectation, since as a rule, the more 
haslc rocks (on Java, for example) also 
ahov quite high amounts of P. 

9. Southeast and east from lake 
Ranau lies an extensive volcanic mountain- 
ous region. Here only very small bodies 
ot sedimentary rocks are exposed at the 
surface. On a basement of here and there 
today again exposed "old andesites” there 
^cro, speaking in general terms, spread 
In the young Neogene and Quaternary 
masses of acid efflatas which 


subsequently were carried on out toward 
lower land by water, at times as lahars 
but more usually by the rivers. Thereafter 
effuslves of intermediate and more basic 
composition broke through and themselves 
built up a great number of volcanoes. 

Then followed a single mighty explosion, 
the Ranau eruption of pale pumice stone 
and crystalline ash, of which we still now 
find remains on the volcanoes which before 
that eruption had already become dormant. 

Also at approximately that same 
time, or even earlier, there must have oc- 
curred a similar great eruption somewhere 
north of Telok Betong.^^^ In that region 
there are now small, steep, isolated 
little mountains, formed from a llparltlc 
magma (see Table 111 for analyses of samples 


'■Jh Zwlerzycki, 1. c., 1, p, 19. Woetorveld, 1. c . % PP* and l8. 
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from Goenoeng Koenjet and Goenoeng Kedaton). 

And finally thereafter again leas 
violent volcanoes erupted, such as the 
Semlnoeng In the northwest, on lake Ranau; 
and In the south of the Lampongs the Tang- 
gamoes, the Goenoeng Ratal and Goenoeng Be- 
long and the most southeasterly, the Radja- 
basa; besides which a number of less Im- 
portant points of eruption may be mention- 
ed. Since, In the explanations on pp. 1 
to 6 of the Geological Map of Sumatra one 
can find given all the known particulars 
relating to this mountainous region It may 
thus be considered superfluous that any- 
thing about It be Included here. Suffice 
It to point out that the foremost soil- 
forming rocks are acid tuffs and more In- 
termediate and basic tuffs, as well as 
solid rocks. However, there were but few 
lava streams. The single body of solid 
rock of significant area Is the so-called 
"island of Soekadana," a large quite flat 
cake of basaltic lava. Its composition Is 
Indeed a surprise In contrast with that 
shown by the analyses of the glass -like 
violet white rocks of the steep little 
hills, north and east of Tandjoeng Karang 

(see Table 111, page [323) • 

Except for one sample that is more 

andesitic in composition, the figures fall 
between those which are given here. Hence 
the five additional analyses of Soekadana^ 
basalt samples, carried out by Willems, 
give no new points of view. 

Relating to the crystalline schists,; 
as well as especially to the sedimentary 
rocks of Southern Sumatra, I should liked 
to ha''e seen added to Table 111 a few fig 
ures of analyses of such rocks. Perhaps 
they are not so very necessary, since for 
our purpose these rocks are of less Impor- 
tance, and of less extensive occurrence In 
the mountains of which we are here speak- 
ing. The analysis by Lohr (page 520) Is 
aetually the only one which is available. 
Thus far the geological mapping of south 
Sumatra has not given us a single new 
chemical analysis of a sedimentary rockl 

Nor have quantitative mlneraloglcal 


analyses yet been done, at least not yet 
published. Mention has been made 'bf quartz- 
rich and quartz -free tuff sandstones, clay- 
stones and marls''^"'* hut without any Indi- 
cation as to how much quartz these rocks 
really do contain. Also mentioned are 
"tuffaceous calcareous marls and tuffa- 
ceous limestones''^'^ but without any data 
as to how much Ca, how much tuff material, 
or how much clay is in them. This is true 
in part of land sediments, and in part of 
marine sediments; as to the content of Fe, 
Mn, Mg, Ca, Na, K and P in the two groups 
of rocks, we still know nothing at all. 

And yet no one would deny that data of the 
sort here referred to as lacking are, 
apart from their geological significance, 
of great value from the soil science stand- 
point. Hence it is most strongly to be 
hoped that as the geological mapping of 
Sumatra proceeds from the south toward the 
north, and therewith also as the areas of 
sedimentary rocks Increase in proportion 
to those of neighboring volcanic formations, 
more attention will be devoted to the an- 
alysis of sedimentary rocks. 

It gives us hope that a few years 
ago^'® Esenweln made a beginning in the 
systematic petrographic study of sediments 
of different strata in the Palembang forma- 
tion. Prom this study we were surprised 
to learn that the cementing material of 
most of the tuff rocks Investigated from 
the Upper Palembang layers "is character- 
ized by the presence of a notable, second- 
arily-formed, strongly pleochroic clay 
mineral"^'’^; an aggregate of mlca-.like, 
leaf- shaped, curved and bent little flakes* 
Now it is becoming more and more evident 
as to how much importance for such soil 
characteristics as absorption and plant ^ 
nutrients are the differences between^ the 
diverse clay minerals.^'® Now we ask* 
what can that Palembang mineral be? Bel ^ 
llte or montmorlllonlte or what else? 
answer will have great pedologlcal and ay 
cultural importance. Whatever the answer 
to this may be, a beginning has been made 
toward solving this problem and we may 


213 . 
214. 
2lh. 
216. 

217. 

218. 


( 1951 ), Algem. Ged., pp. I 87 and 191. 


See: Jb. Mljnw. 

L ? p. 17; cf. also: % pp. 12-15; 6 , pp. 12-24; 1^, pp. 9-51. . Ao QO (1955)* 

Dlenat v/d Mljnb. 2e Kwart (1952), PP- 24-25, 

See also: K. A. F. P. Musper, Geol. k. v. Sum., Toel. bl, (1955); P* 

S 0 e:pp. 77-V8. 
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Table 111 


ANALYSES OF IGNEOUS ROCKS IROM SOUTHERN SUMATRA 


Origin 


Num'ber 


Analysis by 


SIO2 

AI2O3 

F02O3 

FeO 

MnO 

MgO 

CaO 

Nai-O 

K2O 

H2O + 

H2O - 

TIO2 

P2O5 

CO2 

CrgOs 

Total 


Glassy Llparlte 
Lamponge 


G. Koenjet 


119 


Wlllome 


7^.5^ 

lh.39 

0.99 

0.31 

O.OI+ 

0.05 

0.77 

i+.lO 

5.56 

1.03 

0.37 

0.14 

0.01 

trace 


100.30 


G. Kedaton 


127 


Willems 


73.99 

13.22 

0.56 

0.18 

0.03 

0.09 

0.43 

3.48 

3.49 
1.79 
0.85 

0.13 

0.01 

trace 


100.33 


(Plateau?) basalt from 
Soekadana Lampongs 


G. Tlga 


24 


Willems 


53.28 

16.19 

3.01 

3.42 

0.12 

6.58 

8.49 

3.64 

1.23 
0.51 
0.19 
1 . 34 
0.23 

0.02 


100.47 


26 


Willems 


30.13 

16.27 

2.39 

7.38 

0.13 

8.57 

8.30 

3.43 

1.08 

0.37 

0.28 

1.45 

0.13 

0.03 


100.14 


51 


Willems 


51.^^ 

16.04 

2.55 

6.42 
0.12 
8.23 
8.36 

3.47 

1.28 

0.34 

0.29 

1.43 
0.14 

o.o4 


100.33 


anticipate that the puhllcatlon of that 
study vlll stimulate yet more Important 
studies, especially If quantitative esti- 
mates of the constituents can be ob- 
talned,^^ as well as separate analyses 
of the minerals by themselves. 


Climate 

In continuation of what has al- 
ready been said (pages 420-426) about the 
climate of the Southern Sumatran mountains 
ve may summarize our knowledge briefly as 
follows; 

For the greater part It Is con- 
tinually humid, especially along the west 
coaat up to the summit of the Barlsan Moun- 
to-ins; but also on the east side where high 
mountainous land gradually rises up above 
the plain. In between, there are long nar- 
rov valleys with very much less rainfall, 
such as Padang Gelal shows for example. 


But even a place such as Kedongdong, with 
not even 1,600 mm. per year, has no single 
month with an average of less than 60 mm. 
and Soengelpenoeh with a total of not as 
much as 2,000 mm. has no single month with 
less than 100 mm. Theoretically the pos- 
sibility Is not excluded that a few spots 
could be found with a rainfall of about 
1,300 mm. per year and a couple of arid 
months. But In view of the continuously 
humid character of the whole region, that 
does not seem likely. 

The elevation varies between about 
300 and about 3,000 m. and the average 
temperature varies between about 22°C and 
about 6^0. Consequently the soil tempera- 
ture varies between about 23° on deforested, 
relatively low-lying terrain and about 3° 
on the slopes of the highest peaks which 
are hare and exposed only to ascending 
winds. The observation that beard-llke 
moss occurs on the high trees of the Su- 
matra mountain regions even frequently as 


^^9. Cf.: p, Esenweln, Wetensch. Meded., 24, Dlenst v/d Mljnb. (1933), PP. 92-99. 
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low as about 700 m. elevation, while on 
Java It Is seldom found lover than 1,000 m. 
indicates how chilly the climate la on 
these Sumatran mountains. In the long nar- 
row valleys and on the plateaus, as in 
Korlntjl, on Tjoeroep, in the Semendo, 
around lake Ranau, and in the Way Lima, it 
is drier, sunnier, and warmer than at 
points of equal elevation lying on the 
outer slopes, facing the Indian Ocean. 


Ways in Which Weathering Takes Place 
and the Resulting Soil Types 

In so far as it relates to 
the differences of the rocks, there are 
big differences in the ways in which weath- 
ering takes place and soil forms in the 
mountains of Southern Sumatra. Yet with 
respect to the climate the differences are 
relatively small, especially if we take 
into consideration the extent of the re- 
gion we are considering. Consequently, by 
discussing weathering according to the par- 
ent rocks is the best way to get a general 
idea of the weathering and soils. 

In the preceding section we have 
already seen how the parent rocks first 
became exposed and were weathered in part 
in compact form, and in part in a finely 
divided form. Prom this it is evident that 
we really ought to consider two different 
series of weathering forms, although as a 
result of the mechanical grinding up on 
the surface of compact rocks, there also 
have been intermediate forms. 

(l) There normally developed on the 
granite massives a grayish brown and light 
brown, and finally a light brownish red 
lixivium profile ( 6r--W.NH .ac .3 ). The 
most important of these massives are those 
of the hinterland of Moeara Boengo and of 
the Angal mountains in Djambl, of the Barl- 
3 an behind the Goenoeng Dempo and of the 
Pematang Sawah mountain in Benkoelen, of 
the Boekit Garba in Upper Palombang and of 


the Oeloewalsemang mountains, as well as 
the Soelan massive in the Lampongs. As a 
rule these profiles are not very deep.^^° 
The penetration of the weathering proceeds 
slowly and many times the erosion is se- 
vere. Consequently not only are the finer 
weathering minerals washed out, but also 
much sand, for the quartz sand which has 
been freed as angular xenomorphlc grains, 
is eroded off before a thick weathering 
soil la built up. Sometimes stones are 
found with a distinct weathering crust, in 
which the original rock can still be clearly 
recognized, although all the minerals ex- 
cept the quartz, have been taken "away." 

It is upon the iron content of the parent 
rock^^^ that the nature of the resulting 
soil depends. With much iron the soil is 
very pervious, with little iron significant- 
ly less so. Naturally tropical high for- 
est grows over the entire region. In the 
lowlands but little humus accumulates under 
this, while in the mountains much humus 
accumulates on and in the surface soil. 

Thus the roots of the vegetation can obtain 
their food at two levels, especially above 
in the humous surface soil, less beneath 
in the still little-weathered, juvenile 
layer of recently disintegrated granite, 
which the Germans call "Zersatz.” Between 
the surface soil and the fresh zersatz 
there lies a thinner or somewhat thicker 
layer of leached lixivium of brighter color. 
— This is what develops on convex terrain. 

If the surface is flatter or concave, then 
in or just under this second horizon rather 
generally is found a layer of red laterltic 
concretions . 

(2) On the crystalline schists, 
which are usually found only in the Lam- 
pongs, there also forms a pale, brownish 
red lixivium but this is somewhat more 
clayey. At the same time in many cases 
this lixivium also possesses more quartz 
sand than that on the granite; especially 
when it has developed from the mica quart- 
zites and some of the gneisses. Elsewhere 


220. See; J. Szemian, Agrogeol. teechr. in Geol. Kaart V. Sumatra 3 (Bengkoenat), p. 4l. Soil profile 
not even 1 meter deep. 

221. We may compare the analyses of pp.. 51T-519* In addition to these analyses and personal observations 
of an earlier time (1909-191?) and a later period (1951), I am also thankful for the use made of 
data received by letter from J. M. K. Szemian, in assisting the development of the hypotheses of 
this chapter. 

Regarding the Way Lima Region in particular, see; J. Th. White, Bljdr. kermis v/d agrogeol* 
v/d Way Llmestreek., Meded. Alg. Proefstatlon v/d Landbouw 19 (1925). 
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there Is much similarity in characteristics 
between the ways in which weathering takes 
place and soil types on the granite, etc. 
previously mentioned, and on these crystal- 
line schists. But where these schists 
become more basic In composition and con- ' 
aequently are developed as amphlbole 
gchlsts or amphibolites, chlorite schists 
or actlnollte schists, there the soli types 
might also show more similarity with those 
originating on dacltes and andesites, al- 
though without doubt there would also be 
essential differences. However, to state 
these relationships accurately Is not yet 
possible. It will have to be done some- 
time In the future. 

The soils under groups (l) and ( 2 ) 
all react more or less acid. The average 
pH Is around 5* Even Into the "Zersatz" 
horizon. In which the rock structure Is 
still preserved, this Is the case. It Is 
Indeed an Indication as to how under these 
tropical conditions chemical weathering 
runs far ahead of the mechanical comminu - 
tion . ’’The exchange and the hydrolytic 
acidity Increase strongly with depth," 
says Szemlan on the basis of his analytical 
figures. Nor does the possible explanation 
that the deeper layers should be more 
leached than the upper appear very prob- 
able. The reason must be sought In some- 
thing else and then one wonders as to 
whether or not In the deeper layers there 
still occur colloids saturated with bases, 
which have either been leached out of the 
higher layers, and thus carried away as 
sols, or which through the aging have gone 
over Into another fom In which they can 
hold only smaller amounts of bases absorp- 
tively, It may be expressed In another 
way, using the recognized symbols S and T. 

It Is less probable that apart from the 
uppermost, humous layer, the S decreases 
as the depth increases, than that from be- 
low upwards the T decreases. However that 
>^ay be, an experimental study regarding 
this la very much to be desired, less for 
a knowledge of the local conditions than 
to enlarge our general understanding of the 
phenomena, 

Because of the topographic position 
and nature of the surface, peat is not to 
expected on (l) nor on ( 2 ). The low and 
concave portions are covered over by other 
parent material (see later) and the higher 
parts are not high nor are they cool 


enough. Moreover they do not lie flat 
enough to make possible conditions favoring 
peat formation. On the higher portions, at 
about 800 to 1,000 m, where untouched 
tropical high forest has been allowed to 
stand, there Is naturally to be found an 
excellent humous surface soil. But as • 
soon as the forest is cut by the natives, 
and that humous surface soli Is washed off, 
for the time being the forest vegetation 
disappears and the humus content and the 
fertility of the soli seriously decrease. 

( 5 ) We can say the same of the soil 
types on quartz sandstones, loam, loam- 
slates and clay slates from the Pretertlary 
and Old Tertiary, which fortunately but 
seldom occur In this form on the surface In 
South Sumatra. On the sandstones, just as 
elsewhere on Sumatra, a pale brown to gray- 
ish white, sandy lixivium with a very mod- 
est surface soli occurs which, because of 
some little humus. Is darker In color. 

This Is especially true when miserable, 
open forest (which Is all It can support) 
stands on this soil. The clayslates carry 
a better forest, especially whenever the 
original clay had been a marine or brackish 
water clay. Yet deforestation is also fatal 
for this soil on the clayslates, since on 
the frequently brightly flecked red-yellow- 
whlte -brown-orange heavy subsoil under for- 
est there lies but a thin layer of grayish 
brown humous surface soil. Because It Is 
looser and takes up relatively much rain 
water this soil also erodes off swimmingly. 
There Is left behind a particolored sub- 
soil on which, however, there Is possible 
an earlier reestablishment of the vegetation 
than on the sandstones. 


« # # 


As their time of formation had been 
more recent geologically the other Tertiary 
rocks In Southern Sumatra all contain an 
Increasing proportion of tuff, so that In 
their youngest form, the so-called Upper 
Palembang strata, they are practically pure 
volcanic tuffs. Hence It Is obviously quite 
in order to speak particularly of the soil 
types on exclusively volcanic material. 

For the small spots of younger Tertiary, 
which do not consist predominantly of this 
material, the reader can easily deduce the 
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soil characteristics so they do not deserve 
separate discussion. 

( 4 ) Everywhere on the "old ande- 
sites" a yellowish brown or reddish brown 
lixivium has developed, which for the 
greater part must be called senile. Where 
these old andesites had been more or less 
hydro thermally slliclfled before they began 
to weather down to soil, we find as a resi- 
due in the residual soil numerous broken 
fragments from the chalcedony and quartz 
veins and little veins from the broken 
blocks. Originally the fragments of the 
veins which had been in the rock remain in 
their original places, later they get 
shifted about. If the surface layers ex- 
hibit a certain periodical movement (be it 
the result of differences in temperature, 
alternating drying out and becoming moist 
again, or creep), while the deeper por- 
tions of the soil do not move in response 
to those influences, then stones and gravel 
in the surface layers do not remain in 
their relative position, but move upwards 
or downwards. In this way great blocks 
frequently come just to the upper surface, 
also smaller stones are worked toward the 
surface of the soil, especially by strong- 
ly shrinking and swelling clay surface 
soil' or higher horizons. But from the 
soil horizons lying deeper, gravel and 
small stones sink downwards to approximate- 
ly the level where the soil is at rest, 
and there form a gravelly and stony hori- 
zon. When studying a profile by boring or 
digging, such an accumulation gives the 
impression that it is a weathered, origi- 
nally sedimentary deposit. From the above 
explanation this is seen to be Incorrect, 
for we have actually to do with a layer of 
gravel concentration formed in and segre- 
gated from a residual soil. 

Concerning the soil on the crystal- 
line schists of the Lampongs, Szemlan^^^ 
observed "....under the brown (surface-) 
layer there is a reddish brown lixivium 
zone which sometimes contains red later- 
Itlc concretions and angular quartz frag- 
ments and which with increasing depth 
grades into a red-, yellow-and gray- 
flecked clay containing quartz sand. A 


large number of quartz stones collect 
together between the two last -mentioned 
layers and form a coherent quartz, gravel 
layer. hindering plant growth. The transi- 
tion between the flecked layer and the par- 
ent rock, however, is gradual...." Here 
we have mention of a gravel horizon as 
described above. Also with respect to the 
soil on the sillclfled "old andesites" 
Szemian records^^^ that "in the subsoil 
sometimes quartz stones occur, which as a 
result of (creep), have most times accumu- 
lated into a layer." Further on, when the 
"talang" flats of Palembang and Djarabl are 
spoken of, the reader will find still more 
about this sort of gravel horizons (p. 544 ), 

(5) The outcrops of solid rocks of 
acid, dacitic or llparltic composition 
play too small a role in soil formation to 
justify their discussion separately. On 
the other hand on the tuffs from this sort 
of material in the long time since their 
formation there have developed yellowish 
brown to reddish brown, quartz -containing 
lixivia. The quartz crystalls remain un- 
weathered and the feldspars, mostly poor 
in calcium, also weather with difficulty, 
but the glass has for the greater part 
broken down and gone over into clay which 
is paler and stiffen the smaller the propor- 
tion of dark minerals present in the origi- 
nal tuff. Aj to this clay, the following 
facts have been found out about the clay 
minerals. 

Under the broad conception "clay" 
there are Included various clay minerals 
about which divers things have already been 
stated on pages 77-76« In a paperv on 
"The formation of Minerals in the system 
A1203--S102--H20" Noll^®'* treats of the 
formation of clay minerals in nature, 
from which there comes to light the 
here Important distinction that on good 
lands it is not only likely but even prob- 
able that from minerals such as the feld- 
spars kaolin forms upon weathering under 
the influence not only of pure water, but 
also of acid water, thus carbonic acid- 
containing, or sulfuric acid-containing^ 
or humic acid-containing water. On the 
contrary under the Influence of alkali or 


222. J. Szemian, In an explanation of concept on sheet 1 of the (not yet published) Agrogeol. kaart van 
Sumatra (1929) • 

223. J. Szemian, Explanation of sheet 3 of the Geol. Kaart v. Sumatra (1953); P* 38» 

224. W. Noll, Neues Jahrb. f. Min. Geol. Pal. Bell. Bd., 70., Abt. A. I (1935), PP* 65-115- 
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OH ions, montmorlllonlte Is much more 
likely to be formed. Accompanying the 
kaolin, in a certain sense, Is also halloy- 
alte, while beldelllte belongs with mont- 
morlllonlte. The first two thus form when 
the pH is less than 7, the two last with 
a pH above ?• Apart from crystallographic 
and optical differences In which the reader 
will be less interested, there Is, however, 
a difference of another nature, one of real 
significance for us: kaolin and halloyslte 
have only a small capacity for absorbing 
such Ions as Ca, Mg, K, Na, and NH 4 , namely 
about 5 to 15 m. eq. per 100 g. dry matter, 
while montraorlllonlte can absorb 60 to 80 
tn. eq,, and beldelllte similar quantities. 

Accepting the theory that the con- 
trast mentioned Is a matter of formation, 
only to be established through further 
experience, attention may then at once be 
called to the following contrast: In a 
very humid climate a rising of the pH to 
above 7 Is less to be expected than In a 
continuously or Intermittently arid cli- 
mate wherein the bases liberated by hydrol- 
ysis are not leached out to such an extent 
and thus remain present and raise the pH 
to above 7* Further, with slow weathering 
of acid, K-rlch and Ca-poor rocks, especi- 
ally compact granites and quartz dlorltes, 
but also llparltlc tuffs, the pH will 
sooner fall below 7> thus the water will 
sooner be acid. But on basic, Ca- and Na- 
rlch andesites, and especially on rapidly 
weathering basic tuffs, In the beginning 
the pH will certainly rise above 7* The 
consequence Is obvious. On the Sumatran 
granites In that very humid climate, kao- 
lin will be the predominant product with 
perhaps also halloyslte, with a small ab- 
sorptive capacity. While on the acid tuffs 
under the very same climate montmorlllonlte 
la the principal weathering product. These 
luffs, however, are primary marine tuffs. 
Then since the pH of sea water is 7 *8-8. 4 
and between the tuffs there Is calcium of 
organic origin which also raises the pH, 

Ihe amount of montmorlllonlte formed cer- 
tainly Is very much greater than that of 
^9.olin, so consequently the absorptive ca- 
pacity for bases of soils from such rocks 
distinctly higher. Because of the slow 
feathering of solid andesite and basalt, 

^^ch as the "old andesites," the pH will 
3aldom rise above 7i and thus the soli 
feathered from them will obviously possess 


more kaolin than montmorlllonlte. As a 
consequence the possibilities of absorption 
will be but moderate. On the basic tuffs, 
on the other hand, montmorlllonlte Is to 
be expected. However, these distinctions 
will be all the sharper In a climate such 
as that of East Java and the Smaller So- 
enda Islands. At first more montmorlllon- 
lte forms, as well as less kaolin, and 
besides, since the ground there is less 
leached, less washed out, the montmorlllon- 
lte Is still more saturated with bases. 
Perhaps on the basis of these newer concep- 
tions of weathering processes. It Is now 
also possible to find an explanation for 
the formation of the black lands of the 
alternating climate where the wet and dry 
seasons are more pronounced, as well as of 
the seml-arld savanna regions. The possi- 
bility that the montmorlllonlte with its 
great power of absorption which absorbs not 
only the usual basic ions, but also biva- 
lent and trlvalent Iron, perhaps opens a 
way to the explanation of the structure. 

But without closer study anything more 
about this cannot now be said. 

Coming back to the soil types on 
the pale tuffs in the mountains of Southern 
Sumatra where forest still covers the ter- 
rain it is evident that the higher one 
goes,, the more humus is still present on and 
in the surface soil. Yet this humus layer 
is but moderately thick and if vigorous 
measures are not taken promptly against 
erosion. It rapidly disappears when the 
forest Is cleared off. Besides in the 
higher, cooler regions the weathering of 
the tuff has still not progressed very far 
so that the soil there Is extraordinarily 
pervious. For example on the tuff plateaus 
northeast and east of the Plek van Korlntjl, 
northeast from the Boeklt Nllo and Boeklt 
Mesoeral, on the eastern part of the Pase- 
mah plateau, and northeast and southeast 
of lake Ranau, this sandy subsoil is many 
times not only meters, but tens of meters 
deep. This subsoil seems to have a sucking 
down effect, so to say, upon the moisture 
of the surface soil. As a consequence the 
soil Is not able to retain enough moisture 
for the needs of the vegetation. V/here, 
however, the weathering has already reached 
the 2nd or stage, the clay content and 
the water capacity of the soil have in- 
creased, which also makes the soil less 
pervious. Simultaneously, the supply of 
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baaea haa already to such an extent been 
replaced by hydrogen that both a oil and 
water have an acid reaction, ao that 
further weathering producea kaolin and 
halloyalte, with a low absorptive capacity. 

(6) The younger, basic rocks, ande- 
sites and basalt, as the reader knows, 
weather to lixivia richer In Iron and 
therefore darker brown and red colored. 
These soils remain more pervious, even 
though they are already quite senile, and 
as a result of their originally quite high 
content of bases such as Mg, Ca, and Na 
with K also adequate, are more suitable 
soil types for cultivation. The slopes 
and environs of the still active volcanoes: 
Plek van Korlntji, Kaba, and Dempo demon- 
strate this very well, as well as the con- 
siderable number of other volcanoes differ- 
entiated by the Geological Survey of Suma- 
tra as "young volcanic" as contrasted with 
the "old andesites." There are certainly 
around twenty of these volcanoes shown on 
the sheets of the Geological Survey which 
have already been published. 

When fresh these tuffa do not 
possess so much pumice stone as the acid 
tuffs, nor do they lie In such thick layers; 
thus they also do not so seriously draw 
down the water from the surface soil. Or- 
iginally, because of much calcium and so- 
dium, they have a basic reaction, thus they 
have provided the apparent requirements 
(see above) for the formation of montmorll- 
lonlte In place of kaolin; and hence for 
the development of a large absorptive ca- 
pacity In the soli. Thereafter, In propgr- 
tlon as these bases are again leached out 
by continued additions of rainwater, they 
develop a distinct degree of acidity. 

This should explain the reason for the con- 
clusion at which Szemian arrlved^^^ regard- 
ing this soil type, namely as It becomes 
senile It becomes even more acid, especi- 
ally In the subsoil, than the soil types 
richer In quartz formed from acid tuffs. 
Indeed, the maximum figures for the ex- 
change acidity as well as for the hydro- 
lytic acidity are twice as high as the 
analogous values for the acid pumice stone 
tuffs. But comparing these soli types In 
this way Is not fair, since the soils de- 
veloped from the acid tuffs possess much 


more sand. If we consider these degrees 
of acidity to be an almost exclusive func- 
tion of the colloidal constituents, then 
from the tables of Szemian for the differ- 
ent layers of the recorded soil types, ve 
can estimate approximately from the frac- 
tions less than 2 mu. the degree of acidity 
by multiplying the given figures for the 
hydrolytic acidity and the exchange acidity 

100 ^ 


with the ratio: -r- y- , ^ 

^ fraction less than 2 mu. 

and then It appears that for all depths in 
the profiles the acidities of the colloidal 
fractions on the acid tuffs are several 
times greater than those on the basic rocks, 

In none of the previously treated 
soil types do there appear so clearly the 
differences between the different phases 
of weathering as In these soils originating 
from basic eruptlves. It Is quite obvlouii, 
for Into this group fall the youngest forma- 
tions of "parent rocks" which have come 
from the still active volcanoes: the Plek 
van Indrapoera, the Kaba and the Dempo; as 
well as Krakatau which was especially ac- 
tive just over half a century ago. 

The last mighty explosion of Kraka- 
tau occurred at the end of August, 188;^; 
and according to Verbeek^^® the efflatas, 
pumice stone and ash, thrown out at that 
time accumulated to the following depths 
at these various places: 


on Krakatau Itself 

to 60 

m. and more 

on P. Sebesi Island 


100 -lt )0 cm. 

on P. Seboekoe Island 

about 60 " 

at Ketlmbang on the coast, 
west southwest from the 

P» Basa 

" 

50 " 

at Telokbetong 

ft 

20 " 

on the Vlakken Hoek 


20 " 

at Kroee 


6 " 

at Moeara Doewa 

11 

1.5-2. 

at Teblngtlnggl 


1.5 " 

at Benkoelen and environs . 


1 ’’ 

in southwestern and eastern 

Falembang 

II 

0.5 ” 

at DJambl 

" 

0 . 1 - 0.2 " 


Volcanic ash fell on the mountains 
of the Lampongs to a depth of from to 20 
cm. With a volume weight of around 2, this 
amounted to between 1,000 and 4,000 tons 


225. J. Szemian, In the above-mentioned "Tekat, enz." 

226. R. D. M. Verbeek, "Erakatau" (Batavia, I885), pp. I28-I3O. 
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Table 112 


^HARICAL AKALYSKS OF BtAKATAU ASH: PURE AITO MIXED WITH YARIOUS SOIIfl 


Layer 

Nob. 

Profile 

Description 

2-1 

mm. 

1-0.5 

mm. 

0.5-0. 2 

mm. 

0. 2-0.1 

mm. 

0.1-0.05 

mm. 

50-20 

mu 

UtXVVJU 

20-5 

mu 

3-2 

mu 

3 

2-0.5 

mu 

less than 
0.5 mu 

426-11 

1)88-11 

Layer "pure aeh" 

M n ti 

3.0 

3.2 

7.2 

5.2 

6.5 

5.6 

8.9 

8.1 

13.1 

18.5 

30.3 

30.1 

18.9 

18.0 

4.4 

3.7 

2.9 

2.9 

2.2 

2.2 


average about 

3 

6 

6 

9 

11 

12 

18 

3 

3 

2 

267-1 

267-11 

on a subsoil from 

3 

2 

4 

2 

3 

2 

11 

7 

3 

3 

U 

21 

22 

9 

6 

6 

267-in 

andesite 

1 

1 

1 

3 

10 

13 

11 

14 

32 

267-IV 


3 

1 

1 

3 

6 

9 

10 

13 

31 





3 

7 

11 

10 

13 

47 

442-1 

442-11 

442-111 

on a subsoil from 
Soekadana basalt 

1 

0 

0 

2 

0 

Q 

3 

0 

I 

1 

10 

2 

19 

6 

26 

9 

13 

10 

9 

16 

9 

56 





1 

2 

8 

8 

7 

13 

58 

96-1 

96-11 

1 on a subsoil from 

1 granite 

2 

6 

5 

6 

8 

11 

13 

18 

11 

19 

21 

3 

22 

3 

3 

3 

3 

10 

2 

15 

520-1 ' 

520-11 

520-111 

^ on a subsoil from 

2 

2 

4 

3 

4 

4 

), 

7 

5 

1 

13 

12 

9 

u 

10 

8 

11 

7 

11 

H 

9 

13 

5 

16 

4 

19 

520-IV 

granl to 

4 

5 


6 

8 

9 

21 

27 

520-v , 


4 

3 

3 

7 

7 

7 

6 

5 

3 

9 

9 

9 

9 

22 

24 

30 

29 

116-1 ' 
116-11 

116-III 

116-IV 

116-V 

116-VII 

ii6-vni_ 

on a subsoil from 

2 

3 

4 

1 

4 

8 

6 

1 ^ 

12 

9 

7 

21 

15 

21 

14 

12 

18 

13 

12 

6 

9 

9 

3 

10 

12 

2 

14 

21 

^ crystalline 
schists 

i 

I 

2 

2 

1 

1 1 

2 

4 

^ I 
6 1 

1 

i 3 

1 ^ 
i 7 

6 

3 

7 

9 

8 

11 ! 

i 

16 i 

14 

11 

13 

16 

16 

13 

12 

13 

14 

10 

8 

6 

8 

17 

13 

10 

11 

27 

24 

19 

18 

237-1 1 

1 

^ on a subsoil from 

i 

2 1 

3 1 

4 

11 

12 ! 

22 

24 

7 

4 

4 

257-11 ] 

dacltlc tuff 

1 1 

1 

2 

2 

6 

8 

20 

22 

9 

12 

20 

hm-i • 


, i 



11 

; 






1)88-11 

niaterlal washed on, 

1 1 

3 1 

4 

13 1 

12 

22 

6 

3 

4 

1)88-111 

somewhat marshy, 

3 

1 ' 

6 

8 

M ) 

12 

H 

6 

5 

? 

itfffl-IV 

above dacltlc tuff 

1 

1 i 

2 

7 

12 ! 

hi 

21 

6 

4 

3 


0 

0 

0 

1 

; 

12 

10 

3 

10 

38 

1)1)9-! 1 



2 


8 

1 






I)I;Q-1I j 

on alluvial, gray 

2 

6 

9 

11 

22 

6 

3 

3 

1)1)9-111 J 

subaqueous clay 

0 

0 

0 

1 

1 

10 

17 

11 

25 

34 

0 

0 

0 

2 

2 

9 

13 

10 

26 

37 

l)0l|-i • 

i)oi)-n , 

l)0)|-ii! 

on the black clay 

2 

2 

4 

8 

6 

22 

22 

11 

9 

12 

of the Rawah 

Ratal 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

6 

6 

9 

9 

10 

9 

20 

20 

32 

32 
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per hectare. If with this we take Into Evaluation and Utilization 

consideration the analyses of the ash al- of the Soils 

ready recorded In Tables 11-17 then it Is 

evident that by this one eruption an enor- This mountainous region of South 

mous supply of weatherable mineral reserve Sumatra, fr9m the Plek van Korlntjl to the 
material was spread out over the soil sur- Soenda Strait, Is Indeed an extensive re- 
face, And since In general the soil of glon which should be treated as a whole 

these regions was already relatively sen- from an economic point of view and at the 

lie, we can certainly speak of a consider- same time with a sufficient amount of de- 

able "rejuvenation" of the Larapongs soli tall. 

as a result of this one eruption. And yet--I again repeat--there I3 

Of course, from the very moment no basis for a definite subdivision. For 
that the ash fell, In part even as wet mud, If we roughly take the entire volcanic 
It commenced to wash off. Convex parts of mountainous region and the region that from 
the landscape, as ridges and peaks, were a historical-geological point of view Is 

washed off more or less clean by the rain, not such, we need think only of the pre- 

the more so as these parts lay higher and dominantly tuffaceous character of the 
had steeper slopes; hollows and swamps sedimentary rocks In both regions to 
received a double quantity. Prom many realize that the rocks appear to be prac- 

places the ash was washed off as a mixture tlcally the same petrographlcally and pedo- 

wlth a portion of the older underlying logically. From this last-mentioned stand- 

soil. This erosion may have occurred much point the crystalline schists are also to 
later for now already more than half a be mentioned In the sajne breath with the 

century has elapsed since the eruption when older deep Igneous rocks, the granites, 
the soli was more or less deeply burled. dlorltes, etc. 

On the rejuvenated, fertile soil Consequently, except for the ash 

all sorts of vegetation developed. The covering In the south resulting from the 
weathering started In vigorously and on youngest Krakatau explosion, with respect 

the surface of the soli a humous surface to the evaluation and the use of the soils, 

horizon was formed. Even so the presence South Sumatra offers really no new points 
of the ash from Krakatau still can be of departure. The effect of this explosion, 

demonstrated In the soil In various other however, did not reach as far as Korlntjl, 

ways, such as by the curve of the mechanl- nor was there much effect In Upper Benkoe- 

cal analyses, recorded In the tables by len. Hence In these regions the parent 

Szeralan^^”^ following the "Tekst." Nos. rock determines the character of the soli 
410-II, 426-11, and 488-11 are stated to be in the same manner as was Indicated In tho 

"pure ash," but the mechanical analyses of preceding section dealing with the nature 

only the last two numbers are given here and the value of the soil. And this value 

(see Table 112, page 329) • Prom these Is closely correlated with the possibility 

there appears the characteristic peak In of cultivation, food production, and den- 
the fraction 3P-20 mu., flanked by consld- slty of the population, 
erable percentages In the two fractions According to the map upon which 

lying on either side. If one keeps In the density of the populatlon ^^^ Is given 

mind these fractions between 100 and 3 mu,, with no more detail than by subdivisions, 
and realizes that a little variation Is to Moko-Moko and Bangko, with not even 3 

be expected, belt more toward the coarse, habitants per km.^, appear to be the thln- 

230 to 100 mu. fraction, or toward the nest Inhabited of the whole mountainous 

finer, 5-2 mu., then the ash may be recog- land of Sumatra. The parent rocks of the 

nlzed everywhere In the profiles below soil of those districts are Pretertlary 

(see Table 112, page 529). formations. In part covered over by acid 


227. J. Szemian, 1. c . 

228. See table 9 of, and the map following, in; Volkstelllng (1950), Dl. IV, Inh, bavolk. Sum. (Batavia, 

1955). 
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tuffs# which bccOiUSQ of thdi* great porosl' 
ty do not retain sufficient water for cul- 
tivated crops. The Lebong subdivision. 
Including Moeara Aman with more old ande- 
sites and a few small plains, has somewhat 
more Inhabitants (l4 per km.^). Then with 
the younger volcanoes Beoklt Kelam and Boe- 
klt Kaba there follows Redjang with Kepa- 
hlang (23 Inhabitants per km.®); next to 
which lies Teblngtlnggl (2l), without vol- 
canoes but with rivers, such as the Moesl. 
The Pasemah lands Including Pagaralam (37), 
with the active volcano Goenoeng Dempo, 
are still a class higher; but Lematanghoe- 
loe (24) and Lematang-hlllr (26) are again 
lower. Following these we come Into the 
more acid tuff lying over old andesites, 
and the figures for the density of the 
population sink further: Oganhoeloe with 
Batoeradja (19) Moearadoewa (18), Komerlng- 
hoeloe (13), Kotaboeml (12), Kroe (9). But 
in the south of the Lampongs the population 
again runs up somewhat, for Kota Agoeng has 
(l^j) and Telokbetong (38). The Krakatau 
ash should apparently be given the credit 
for these higher figures. 

Of its very nature a statistical 
consideration, such as is given above, is 
but very approximate and rough. If, how- 
ever, one could but subdivide the terri- 
tory into smaller districts (margas), then 
the figures would tell us a good deal more. 
Yet the 1:100,000 topographic maps also 
Indicate where the soil is of a sort to 
produce crops to support many people. From 
the most northeast -lying sheets, in so far 
aa they have been Issued, including Nos. 96 
to 98, all together cover around 4,000 km.^, 
and a high estimate for all the inhabitants 
tn the 2 to J> small villages shown in all 
this area is around a hundred people. Much 
old andesite, much rhyolite (Mt. G. 
Seblat) and also acid tuffs and some Neo- 
gone deposits are the parent rocks of those 
^ands, apparently too poor even for settle- 
■nents which demand even only little. In 
^he Lebong stretch the entire population is 
^oncentrated in and around the plains of 
^aara Aman and Tapoes. Manifestly the 
'material which has been washed off from the 
^^I’noundlng old andesites and other rocks 
there accumulated is agriculturally of 
IJ'Jch higher value that what remains behind 
the slopes. 
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Around Boeklt Daoen mountain 
(sheet 70) conditions are somewhat better. 
This is confirmed by the small villages, 
many foot paths which presumably lead to 
kalflglns, and even European estates, which 
this map shows. But the young volcanoes 
Boeklt Kelam and Kaba are Indeed quite good. 
Around and on their lower slopes they carry 
a complete garland of European coffee and 
tea estates. The map also shows many bam- 
boo stands on the further eastern foot, 
to the left and the right from the road from 
Teblng Tlnggl to Moeara Baling and further 
northwards. Bamboo is always an indicator 
of volcanic components in the soil which 
supply adequate quantities of soluble silica. 

Besides the Kaba lies the Boeklt 
Besar of the completely uninhabited Goemal 
mountains. Not much fertility is to be ex- 
pected from "slliclous clay slates” (see 
pages 514, 525) which constitute the parent 
rock. Yet higher up this mountain, especi- 
ally toward the east and along the edges, 
it is not so Infertile, thanks to inclusions 
of eruptive material and limestone, yet 
there are not any settlements at all. 

If we now consider the Goenoeng 
Dempo, then we are at once struck by the 
Lintang valley lying north-northwestwards 
I from the mountain and thickly inhabited, 
full of paddles. Behind the Dempo also 
lies the small, but thickly inhabited plain 
of Tandjong Sakti. These two localities 
have of course a very juvenile soil with 
a large proportion of basic volcanic ash 
components. Besides, this soil is suffi- 
ciently pervious and at the same time also 
holds an adequate amount of water to make 
the cultivation of all sorts of crops as 
well as paddy possible. 

East from the Dempo, however, lies 
the largest part of the Pasemah plain, for 
a large part still unused. Trials of coffee 
and rubber cultivation were not successful 
there. Walking through the scanty grass, -- 
cogon will not even grow there--agaln and 
again one stumbles over old paddy dikes, 
which Indicate that in previous times paddy 
culture was carried on, or at least there 
were attempts to grow it. It seems to me 
probable that the growing of this crop was 
given up because (l)--the soil had become 
too senile, thus too poor^^^ and because 
(2)— the ravines finally cut down too deeply 

what has al- 


Pwlapa we must here also think of the dleappearance of the original forest humue ar 
ready been said about that on pages 475-477. 
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below the surface so that irrigation water 
no longer could be led out onto the pad- 
dles. Most of the villages and paddles 
are still found against the foot of the 
smaller, although also quite old, volcanoes 
Boeklt Moetoeng and Boeklt Rawls, In the 
southeast of the plain. Apparently In that 
locality there Is available somewhat more 
water as well as water of a somewhat better 
quality. At present, however, the greatest 
part of the plain Is quite valueless and 
useless, and waits for a "rejuvenation" by 
the Dempo.®^° 

Next to the Pasemah lies the Se- 
mendo, a spacious relatively thickly popu- 
lated valley, surrounded by a number of 
geologically still young, but pedologlcally 
quite old volcanoes. The Boeklt Nantl 
(sheet 5^), also an old andesitic volcano, 
deeply fluted, and thus with a very rough 
surface, Is practically uninhabited. But 
In the Ogan valley, north therefrom, a 
number of tanl profit from the material 
which has been eroded off from the slopes 
and deposited beneath on flatter terrain. 

In a similar manner also, the Upper Moesl 
valley Is decently fertile and Inhabited. 

South from the Boeklt Nantl and 
southeast from the Semendo lies the Klsam 
region, also for the most part surrounded 
by old, andesitic volcanoes. This region 
Is notable because of a quite thick popu- 
lation living In quite scattered settle- 
ments. This Is because here are no com- 
mercial centers, the Klsam Is too remote 
for that, but apparently the Inhabitants | 
make a good living by simple subslstance 
agriculture alone. 

Around lake Ranau the density of 
the population varies distinctly. Around 
the G. Semlnoeng are settlements where 
but one paddy can be laid out. So also 
In the valley between the three high moun- 
tains G. Raja, Pesagl, and Koekoesan, but 
especially In the Llwa stretch between Ne- 
gerl Batin and Kenall. There much Ranau 
efflata accumulated and formed a moderately 
undulating and for this part of Sumatra 
quite thickly populated plain. 

The Ranau eruption was llparltlc 
(see Table 109 ff.). The region produces 
tobacco, not high yields. It Is true, but 


quality tobacco. Allow me to digress for 
a moment: the plain of Pajakombo Is like- 
wise built up out of efflatas of acid to 
Intermediate composition, later basic 
Merapl products were added to It. Pajakombo 
also produces special tobacco. Dell culti- 
vates tobacco on dacltlc and llparltlc solis^ 
nothing like as basic as those of the Prin- 
cipalities of Java and Dj ember, which pro- 
duce an entirely different type of leaf. 

Not alone the climate, but apparently also 
the nature of the parent rock, and the com- 
position of the efflatas play an Important 
role In the production of tobacco of a 
definite quality. This can be proved, but 
up to the present time It cannot be ex- 
plained. 

During the eruption referred to the 
previously-mentioned mountains of "old ande- 
sites" were later again covered over by the 
Ranau ash and then washed off again. Ap- 
parently they do not offer much opportunity 
to the native population to make a living: 
between lake Ranau and the coast lies a 
totally uninhabited mountainous region of a 
similar nature. Near Kroee on the coast ve 
see a small strip with many paddles and many 
people, behind that a sudden change to an 
uninhabited region. Also the numerous vol- 
canoes around the Llwa plateau are prac- 
tically speaking uninhabited, but what has 
been eroded out of them by the rivers, as 
the W. Oempoeh and the W. Besal, has built 
up the fertile Rebang strip. 

Along the Semangka river there Is 
also only a scant population to be found, 
the one exception Is a few villages on the 
edge of the Soebeng depression. If there 
were a first rate highway from Kota Agoeng 
on the coast, via Sanggl and Negerl to him 
It would offer Important new perspectives 
through opening up of plains and mountains 
which today are still completely cut off 
from the outside world. It Is true that 
the productivity of the soil there will not 
be as high as that on the Kaba or the Mera- 
pl. The soils are already too senile for 
that, but even so we can yet expect a con- 
siderable fertility. With respect to the 
plains, --but these will first have to be 
drained- -we can anticipate adequate irriga- 
tion water for reasonable demands. 


230 . Cf. E. C. J. Mohr, Tropical soli forming processes and the development of tropical soils, with 

special reference to Java and Sumatra (translated by Robert L. Pendleton), National Geological Sur- 
vey of China, (Pelplng, 1935) > PP« 155-160. 
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East from the Semangka river llee 
an extensive, hut very rough mountainous 
region of old andesitic volcanoes with here 
and there some llparltlc ash coverings. 

This region Is, for the greater part, un- 
inhabited. Even the Gedongsoerlan depres- 
sion is also almost uninhabited, no doubt 
because of the lack of roads Into this re- 
gion. But the senile soil Is certainly ijot 
so attractive that the population Itself 
has overcome that transportation difficul- 
ty. I cannot help imagining that just as 
we expected for the Semangka valley, a good 
road from the Rebang In via Moetaralam, or 
In from the south would certainly here also 
have favorable consequences. It Is true 
that as to quality of the soil, the Tandl- 
kat Tebak and the Boeklt Rlndlngan have 
possibly received less material from the 
Goenoeng Tanggamoes. But all three are 
certainly better than the Oeloevaisemang 
Mts., lying east from the two first men- 
tioned mountains and consisting of granite 
and schists. They are entirely uninhabited, 
and are destined to remain that way for 
some little time, even in the lower and 
flatter portions. 

Finally in this connection Soeka- 
dana Is shown on sheet l4 of the topographic 
map. On those maps we see how a complex of 
settlements lies between Soekadana and Boe- 
raldjawa precisely on an outcrop of basalt, 
while on the surrounding acid tuffs no 
population at all has established Itself. 
Then we note population again on the edge 
of the basalt cake of Soekadana Itself. 

In such ways, along empirical lines the 
native population demonstrates the close 
connection between parent rock and soil 
fertility. 

Near to the terrain referred to, 
that Is to say, west and southwest from It, 
lies an extensive region without a single 
earlier settlement already In existence on 
allochthonous acid tuff soils; on this land 
at Gedongdalem (Soekadana) It Is proposed 
to develop the Javanese colonization ^ 
scheme. The first test plantings and 
teat harvests have greatly exceeded the ex- 
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Pectations of the agricultural scientists 
a conclusion has been arrived at in 
which I fully concur, namely that very 


probably the presence of a quantity of 
fresh Krakatau ash In the soil of this 
region has had an especially favorable 
influence. It Is, meanwhile, a very Im- 
portant question as to whether these large 
yields are a phenomenon of only a few years, 
or If Indeed they will continue to be ob- 
tained. Based on the fact that down to 
the present time the inhabitants have never 
continuously cultivated the white tuff 
plains referred to, a permanent high fer- 
tility Is hardly to be expected. 




When In general for the mountains 
of Southern Sumatra we endeavor to find 
data in the literature regarding the yields 
of paddy , be it of kalhglns (upland unlrrl- 
gated rice fields) or of paddles (lowland 
flooded rice fields), then the results are 
still more scarce than for a number of 
other regions. 

In a few test cuttings of lowland 
rice in the year 1919^^^ those in Korlntjl 
averaged 6l quintals per hectare pad! (rough 
rice) which amounts to ^6 quintals per hec- 
tare polished rice, "indeed a high produc- 
tion In a year called average." Further 
details are lacking, though there Is the 
unmistakable influence of the nearness to 
the young volcano Plek van Korlntjl on the 
fertility of the plain of Soengei Penoeh. 

It is only strange that going out 
In other directions from this mountain 
there are so few native settlements. In 
the last two decades a number of European 
plantations have come Into existence on 
the northern side. This can be considered 
an Indication of great soil fertility. 
Whether this fertility will continue to 
last for a long time or not will depend 
partly upon the natural conditions, and 
partly upon the way In which the soil Is 
cared for. 

In 1931 along the road between 
Moeara Tebo and Soengeldareh I was struck 
by the fact that in the environs of Kota 
Baroe the excellent dark brown, loose soil 
was so significantly better than that on 


^51. F. j. Junius, Algera. Mem. Res. Lamp. Dietr. (Mel, 1933); PP 139-1^1* 

^52. Of the Institute of Soil Science in Buitenzorg and of the Agricultural Extension Service. 
255. Versl. Landb. Voorl. dlenst (1919), p. 332. 
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either side of it. More and better cul- 
tivated crops, even more productive paddies 
and vigorous fruit trees emphasized this 
Impression. Yet this boundary region be- 
tween Djambl and Sumatrans West Coast, to 
the southwest of Kota Baroe, Is still but 
thinly Inhabited. Perhaps In the direction 
of the volcano there could still be found 
a good location for many colonists. In 
his contrasting of the eastern and western 
portions of the subdivision Moeara Boengo, 
A. L. Samson, also indicated something 
In this direction: the most lowland rice 
culture is found in the west (thus where 
the influence of the volcano must still 
be noticeable), also there the best tobacco 
Is raised. In the east (along the rivers 
flowing out from sandstones, clay stones, 
etc.) the paddles are much less successful. 
InBangko,^^^ no paddles are found along 
the Merangln and its tributaries, nor along 
the other rivers either. Now this Batang 
Merangln Is the one river which has Its 
source in a lake (that of Korlntjl) and 
thus begins free from silt thereafter to 
flow down through the old rocks, while its 
tributaries also originate in similar ma- 
terials and In acid tuffs. Never anything 
of a young volcanic nature, other than the 
acid tuffs, which apparently do not supply 
sufficient fertility to the water and slit. 
In 1931 Controller Rapp^^® wrote about 
this: ’’Along the Merangln the villagers 
produce crops only by kalnginlng. The 
water seems to be less suited for irriga- 
tion. The paddles now (l93l) laid out 
there and transplanted to paddy have never 
yielded a harvest." In 1909 controller 
Meyer^^”^ recorded that in the Senggrahan 
district (through which flows the Soengel 
Nllo, a tributary of the Merangln and 
coming from the high Boeklt Masoeral) a 
lack of food prevails there year In and 
year out. And In 1916 controller Bolsse- 
valn*^® stated that In the three most 
northerly districts of Bangko, as well as 
In Bangko and Llmboer on the Merangln and 
Rantaupandjang on the Tablr, a s-arclty of 
rice always prevails and also In 


Senggrahan, even where there were paddles, 
while the first three districts mentioned 
had only kalfigln agriculture. 

In short --the sporadic and some- 
times vague data as yet available show 
that if for. a region such as Djambl we had 
an equally thorough knowledge of the soil, 
with as good a soil map as we now have of 
Djocja for example, we would have much 
light on what now without such data seem 
to indicate sometimes such apparently 
arbitrary and strange choices by the In- 
habitants as to the lands selected for 
cropping and the methods of crop produc- 
tion employed. 

The more east -northeast mountains 
of Djambl, especially, have a red to brown 
lixivium soil, which becomes the poorer, 
the farther one descends, and more un- 
favorable in its water holding relation- 
ships as one goes higher. Happily in the 
southwest we find something else In the 
fertile valley of Soengel Tenang and Ser- 
ampas, lying between the Boeklt Masoeral, 
the Boeklt Oeloe Nllo and the Goenoeng 
Soemblng and on the other side, southwest, 
of the Goenoeng Pandan and the granite 
ridge to which the Boeklt Boengkoet belongs. 
In this valley, at more than 1,000 m. ele- 
vation, we find a very humous, black sur- 
face soil on a brown subsoil of volcanic 
origin, pos^slbly, however, mixed with some 
more binding components originating from 
the granite. Here tobacco, coffee, cinna- 
mon, potatoes, and in general all sorts 
of vegetables, grow excellently and per- 
haps would be grown still more extensively 
if there were but transport and sale for 
them; as yet production is all on a rela- 
tively small scale. Rapp^^^ says that "the 
soils of this mountainous region are ex- 
celled only by those of Korlntjl." Cabo negro 
(aren) palms indeed do occur and are planted 
out, but cocos will not grow here. For 
European estates there Is not enough of 
this fertile soil type, and too large a 
proportion of what there Is, Is already 
under cultivation by the Inhabitants. 
valley Is but relatively small and the 


254. A. L. Samson, Mem. v. Overg. 0. afd. Moeara Boengo (1915), PP« 31-53 • 

255. J. Bouwes Bavlnck, Alg. Mem, v. Over. (1920), pp. jA. 
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slopes around It are steep, clothed with I 
"heavy forest In which are very good sorts 
of timber." 

From the different notes of giving 
over charge by the administrators of Djambl 
Residency some more brief remarks could 
well be selected which would give some In- 
dication as to the soil. However, we are 
not here writing a monograph about Djambl, 
hut rather about the soils of all Sumatra. 


# # # # * 


According to the agriculturist 
Koens,^'^^ Benkoelen, may be divided Into 
three soil zones: 

a. The lowlands and the hilly land 
lying behind Ic, largely Neogene. Here In 
general are found poor soils (note the high 
rainfall In Tables 89 , 90) . Yet the soils 
are still more or less rich In humus. As 
usual this Is related to the elevation. 

Only In exceptional cases are these soils 
Irrigable, while the kalnglns give no rich 
harvests. Along the sea the soil is 
looser, sandier, and grows good cocos. 
Higher up the Inliabltants raise gambir, 
pepper, nutmegs; the yields of these crops, 
however, are none too good. 

b. On the older mountainous lands 
agriculture can be called successful only 
on the old andesite. There the paddles 
yield well; also the coffee. The kalnglns 
are better than those mentioned above 
under (a)-- 

c. In the young volcanic regions, 
on and around the Boeklt Kelam and the 
Kaba, the agriculture has attained a much 
higher development. Here are rich kalfiglns 
as well as good paddles. In 1915 I saw 
very good coffee especially upon land just 
cleared of heavy tropical high forest. 

So much for what Koens has re- 
corded. His classification brings us no 
new points of view, only the confirmation 
of the expectation which we had already 
based upon the general broad lines. 

To supplement these there follow 
a number of statements from Resident 


Zleck,^'^^ with some explanatory remarks of 
my own: 

"The entire coastal strip along 
the road from Benkoelen out toward the 
northwest makes a poor Impression. The 
population is very sparse. The plantings 
of nutmegs, cocos, and coffee are of little 
significance. Farther Inland the Inhabi- 
tants have their gardens and kalfiglns while 
on the lower bits of land paddles are laid 
out. Their extent Is still small." 

"At kilometer post 25, near Kerkap, 
a more Important village, a road branches 
off Into the Interior toward the townships 
Perbo and Pal Ik. Here there Is a sudden 
change to better soil conditions, and as a 
result there are larger planted areas and 
more extensive paddles, while the natives 
themselves also make a definitely better 
Impression." The reader will understand 
this If he looks on the map and notes that 
the rivers and hence the youngest soli ma- 
terial covering over the surface Is coming 
from the already repeatedly-mentioned vol- 
cano Boeklt Daoen. 

"Beyond Ketahoen the road runs" 

(along the foot of less valuable mountain- 
ous land) "through an uninhabited stretch." 
--"Mokko-mokko Is one of the poorest sub- 
divisions of the district . --Beyond Aer 
Dlklt and on to Loeboek Plnang the land 
appears to be better suited to plantation 
crops than that lying on the coast." How- 
ever, this Is to be expected since also 
this land has as its hinterland the Korlntjl 
volcano I 

Southward from Benkoelen the road 
runs through the coastal strip of Seloema, 
which has "a poor appearance. The land 
there Is not so good," and since one of 
the sources of the soli material Is a strip 
of Eocene sandstone In the hinterland, It 
can probably never be expected to do much 
better and, especially since there are 
"endless swamps," It can hardly be very 
fertile, "in Manna large plantings of 
clove trees begin to appear; still farther 
toward the south are also pepper gardens." 

The Ajer Manna comes also from the G. Dempo 
and flows through the plain of Tandjoeng 
Sakti, which has become one solid field of 
paddles and very prosperous . 

Going further along the coast through 


Veral. Lwidb. Voarl. dlenst (1915), P- 196. 
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Kaoer, toward Blntoehan, "one sees always 
more clove and pepper gardens." Out of 
the interior comes coffee." Here I cannot 
make out a definite connection with the 
soil type nor explain why "south from Kroe 
the coastal strip is definitely poorer than 
north from there. Northwards are choice 
paddies, southwards principally kalngins, 
while the Inhabitants also gather forest 
products and have some coco and pepper 
gardens." Further on southwards, beyond 
Bengkoenat, on to the Vlakken Hoek not a 
soul is living. The land lying behind the 
mountain is likewise entirely uninhabited. 

Behind the first Barlsan range, how- 
ever, the country is significantly better. 

Prom Benkoelen out toward the east 
the road runs toward Kepahiang and Tjoeroep. 
"The strip through which the last -mentioned 
road goes is excellent and well Inhabited." 
And it should be, as it also lies on the 
foot and up the slope of the Kaba. "The 
land is excellent and the plantings are 
seen to be extensive. Many Javanese, for- 
merly contract coolies, have settled here." 
In this they show their good judgment of 
the natural fertility of this soil. 

The plain of Moeara Aman is a 
fllled-up valley, which appears as if it 
had once been a lake, but then certainly 
not entirely, for here and there on the 
surface, out to practically the middle, 
are scattered large lahar boulders. It is 
now "already mostly transformed into pad- 
dles." As to their yield, however, nothing 
was to be found other than the remark of 
the agricultural adviser that "Prom the 
large average paddy area annually an ex- 
cess of rice is obtained, but not because 
of a high average yield. 

Going out and upwards from Kroe 
we approach the plateau of Llwa, a large 
undulating region of washed-together Ranau 
ash (cf. Figs. 30, 51, page 163). "The 
soil is very fertile and excellently suited 
to all sorts of mountain cultures." Coffee 
especially is grown here, but relatively 
small amounts of food crops, due in part to 
the elevation which is about 900 m. This 
plateau, as well as the very out of the way 
plain of Tenong (Gedonegsoerlan) , ought to 
have better connections with the outer 
world. If more good roads were built into 
that country it would be more thickly 


populated. In general the soil is a rela~ 
tlvely senile brownish yellow lixivium on 
older and younger intermediate andesites; 
and because of the elevation the soil cer- 
tainly still has an adequate humus content. 
In this high land it is not necessary to be 
dependent upon the cultivation of rice....; 
potatoes and greens grow just as well as 
maize, cassava, peanuts and sweet potatocjs. 
Apparently even here also the soil has been 
somewhat rejuvenated by Krakatau ash. Rice 
can be grown quite well here, both lowland 
in paddles as well as upland in kalngins. 
The upland type is being extended more 
and more, since because of low prices the 
cultivation of coffee appears to be no 
longer profitable. 

After seeing the favorable soil 
conditions in the Sumatran mountains with 
their generous areas of brown and yellow 
volcanic soils, it is comprehensible that 
where the circumstances are but only ellght- 
ly favorable, irrigation works are laid out. 
To the north, on Sumatrans West Coast the 
density of the population necessitated that, 
this be done there all the earlier. Dul 
here Irrigation has more future than past. 
In so far as the mountainous land of Bori- 
koelen is concerned, in the Kepahiang re- 
gion irrigation is quite the farthest de- 
veloped. There especially the works are 
small, serving not even 700 hectares each. 

It is not because of a lack of water that 
there is a need to irrigate in these reglona 
of abundant rain. The land is irrigated 
really only because of the plant food sub- 
stances which are brought on with the water. 
Obviously it is imperative to study the 
water before new irrigation works are laid 
out . Once this has been done it is very 
probable that several different rivers, 
even only after casual inspection, will 
have to be struck off from the list becaust^ 
of unsuitable water. 

In that respect also, especially 
in the Lampongs, great differences are to 
be observed. For example, without excep- 
tion the rivers flowing off from the Tani:- 
gamoes are suitable for Irrigation. Toward 
the south the environs of Kota Agoeng are 
thus benefited, and similarly toward the 
east the Poegoeng region. But as to the 
quality of the water, the Way Sekampoeng 
is not very much. Because of their good 


2k2. Zleck, 1. c. , p. ^2, 
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tributaries the Way Sangharoes and Way 
Illhan are still not so bad, but the upper 
course of Way Sekampoeng Itself, with a 
number of affluents coming from the Oeloe- 
valsemang mountains to the north, is so 
poor that In that locality there is not a 
bit of paddy. The strip is completely un- 
inhabited and apparently will remain that 
vay for some time. If, however, a road Is 
put through along the upper course of the 
Way Sangharoes, Inhabitants will Indeed he 
settling there. 

Finally, a few words regarding the 
region around the mouth of the Semangka 
river, which is to be thought of as a 
fllled-up arm of the sea. The surface 
soil, however, is universally river silt 
from this river. In the lowest part swampy 
and leached to a gray, subaqueous lixivium, 
surr.ounded by a narrower or broader gray 
strip of more amphibian nature, as may be 
seen on the small map of Szemaln.^^^ Out- 
side of that lies brown (virile) and red- 
dish brown (senile) andesitic tuff lixivium 
A quarter century ago this delta was con- 
sidered hopeless, and quite unlnliabltable, 
a point of view which even at that time 
seemed to me as Inconceivable as did the 
generally unfavorable opinion about the 
delta of the T jltandoewl on Java, and other 
similar deltas with young volcanic hinter- 
lands. At present on this Semangka delta 
there Is established the Javanese "Wono- 
sobo" colony which is paying Its own way, 
even though there are Indeed dlf flculties . 
Rut on the average the paddles yield 
quintals per ha., which is not so bad. It 
thus appears that this plain will, within 
u reasonable time, be converted into one 
'■-■ontlnuous paddy plain. The lowest parts, 
which still now suffer from the Inconveni- 
ence of too much water, should be colma- 
taged, l.e. first be diked, then flooded 
with silty river water so as to consider- 
ably raise the ground level with the river 
sediment . 


* 


* 


7 . THE. EASTERN LOWLANDS OP CENTRAL 
AND SOUTHERN SUMATRA 

An appallingly large part of 
‘Sumatra, from the southeastern point on 

t-’* J. Szemlan, Korto ogrogool. beschr. blj. Toel. 
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Soenda Straits to approximately Bllah, Is 
Included under this title. If we take the 
back boundary of this lowland to be roughly 
not more than 100 m. elevation, even then 
It Includes half of all Sumatra . And yet 
since In various respects this . lowland Is 
Indeed so uniform and is so much of one 
sort, we here treat It as a whole. As to 
the climate, that has already been described 
on pages 424-42^, and In Table 95. As to 
the geological formation, the whole has 
been built up out of sediment during the 
present, and, speaking geologically, the 
most recent past. Igneous rocks, as such, 
play no role, although of course as sedi- 
ments In the pulverized state they do. 

Unquestionably these sediments are 
and- were of different sorts. In the first 
place they are to be differentiated ac- 
cording to their origin. Therefore we 
must consider the rivers which carried out 
from the hinterland the material deposited 
as the sediments. In the second place the 
sediments are to be differentiated Into 
marine sediments, later exposed above 
water, and terrigenous sediments. In the 
third place they are to be differentiated 
according to the period when they were de- 
posited, thus according to the time which 
has elapsed since the deposit and the stage 
of weathering which has since been reached. 
Let us now consider the subdivisions we will 
use In this chapter. In the first place 
we shall divide this region we are consid- 
ering into the (principal) drainage basins, 
according to the most Important rivers. 
Beginning In the northwest and ending In 
the southeast these are: 


1. 

the 

2. 

the 

3. 

the 

4. 

the 

5. 

the 

6 . 

the 

7. 

the 

8. 

the 

9. 

the 

10. 

the 

If 

the 

rivers are 

tre^ 


of the whole great region there will be 
left out only some small areas which drain 
directly into the sea through their own 
rivers or creeks. They are all as equally 
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unimportant as the settlements of the na- 
tives along them* Where It is desirable, 
a few lines referring to them will he in- 
serted in the proper places* 

1. The Drainage Basin of the Baroemoean 

We can boast about the Soengei 
Kwaloe and Soengei Bllah, lying somewhat 
more to the west, and which according to 
their nature properly belong In chapters 3 
and 4 of this section on "Sumatra" because 
In the first Instance they are flowing out 
of the region of the llparltlc tuffs, that 
Is, out of Hablnsaran. The Baroemoen, 
however, arises from poorer materials. In 
so far as Is known, Its hinterland consists 
of little else than claystones, loamstones 
and sandstones, with here and there an In- 
clusion of limestone or more or less cal- 
cium carbonate as a component of the above- 
mentioned rocks. In this case whether 
these rocks are Permo carbonate, Paleogene, 
or Neogene^^'^ makes very little difference. 
The Baroemoen and Its tributaries transport 
clay, fine and coarse silt, sand, gravel, 
and stones, of which probably only from 
the gravel and large stones can one deter- 
mine from which group of rocks these sedi- 
ment constituents have come. Calcium car- 
bonate Is to be found mostly In the coars- 
est pieces, because It Is very quickly dis- 
solved out of the finer fragments, and 
hence It Is dissolved the more completely 
as the distance which the material has been 
carried out from the mountains Increases. 
But quartz sand and clay do not dissolve In 
the water. Nevertheless, the clay can 
change notably In the course of such a 
river journey. Since the clay coming from 
easily disintegrated claystones or marls 
arrives In the river In great quantities, 

It Is possible that apart from the fine 
calcium carbonate carried along with It, 
the clay Itself, as an earlier absorptively 
saturated marine sediment, still tightly 
holds absorptively K, Ca, Mg, and Na. If 
It Is but a short time until the clay again 
settles out of the water as new sediment In 


the low laud, then it is perhaps yet not 
/ entirely leached to "hydrogen clay" 

/ case the young deposit still possesses a 
/ certain fertility, which would have been 
I lost If the river had been several times 
longer than. It Is. But In comparison with 
those of the Rokan, for example, we must 
not suggest too great a fertility of the 
Baroemoen deposits since the back country 
is thinly populated, so that the erosion is 
still not so heavy as where more men live 
and disturb the natural equilibria. And 
so because as a result of the chemical 
weathering, even before the physical dis- 
integration to slit, very much of the ab- 
sorbed bases had been dissolved and carried 
away toward the sea. 

There Is something special about 
the Padang Lawas, a part of the upper 
drainage basin. The rainfall there Is nol 
remarkably low; no single month averages 
below 100 mm. and the annual average oscil- 
lates around 2 m. But some seasons seem 
to be unusually long and Intensively dry. 
This Is shown by the vegetation: predomi- 
nantly grasses, cogon ( imperata spp.) and 
others. The reason for this drought Is 
the descending, strong continuous west 
winds coming over the relatively low 
part of the Barlsan mountain chain, south 
from Padang Sidempoean, which for a con- 
siderable distance Is not more than 400 to 
700 m. high. These west winds come down 
as constant Fohn winds, dry and hot onto 
the plain of Padang Lawas at 100 to 200 m. 
elevation. This was why 50 years ago Neu- 
mann spoke^'^® of an "almost treeless, in- 
fertile plain, of which Portlbl occupies 
approximately the center." The plain of 
Oeloe Baroemoen, In which Slboehoean lies, 
seems somewhat better protected. The soil 
Indeed seems to be better and more fertile. 
South from there Ilea the Goenoeng Malea, 
probably consisting of granite. Whether 
an Influence making for fertility goes out 
from this mountain, or whether the princi- 
pal reason Is an adequate supply of water, 
In any case the Oeloe Baroemoen plain 
full of paddles and prosperous villages,^ 
especially In the higher parts. Even so 
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there does not yet seem to be a surplus of 
rice. The Padang Lavas, an undulating 
hilly land of not 200 m. elevation, has 
the name of being one of the hottest parts 
of the Archipelago. It does not appear to 
be impossible that there are places where, 
on a very Impervious substratum black earth 
has developed. It Is true that Neumann has 
recorded nothing about It; and I have not 
found any later literature which says any- 
thing about the soli of the drainage basin 
of the Baroemoen and tributaries. The 
archeologist F. M. Schnltger, who worked a 
long time In the Padang Lavas, thought that 
he had seen black earth on certain spots, 
but far from everywhere . It Is gener- 
ally known that on the extensive grass 
plains are pastured many cattle, which at 
certain seasons are sent on to Dell. 

The lover drainage basin shows 
nothing In particular. Everywhere Is the 
same picture. Stream banks which are 
natural levees formed by the sandy over- 
wash of the strongly meandering river. At 
times loops are cut off by short cuts, 
forming low, sandy ridges In the land, 
away from the present river channel. Lover 
lands are between, which are always sub- 
merged, and are no different from the 
"danaus” of Borneo. The forests are unin- 
habited. Near the sea there are more 
people, since they go fishing there In 
order to keep alive; very few people live 
on the relatively high river banks. Close 
by the sea It Is worth while to plant cocos 
on the river banks, for there they will 
bear nuts. If however. In the still low 
hinterland sea water with all Its plant 
nutrients cannot back up the river that 
far and so cannot penetrate to the roots of 
the trees on the river banks, the trees 
although they grow quite well bear no nuts 
or at most only a very few. But to look for 
the limit where differences In level of 
the river surface because of the ebb and 
flow of the tide can be seen Is, however. 
Incorrect, since during flood tide the 
fresh water la backed up, without any salt 
water going nearly that far up the stream. 
It la also Incorrect to look for the limit 
where the boundary between the fresh water 


and the salt water Is on the surface, 
since In large and deeper rivers the 
heavier sea water penetrates as wedge- 
shaped tongues under the fresh water and 
In this way still can reach the river banks 
and make them fruitful, although on the 
surface only fresh water is visible flowing 
along these banks. 

Now in the side creeks and shallow 
swamps back from the elevated stream banks 
this fresh water Is of a peculiar quality: 
"ajer hltam,” very clear, but colored brown 
to dark brown, ’’coffee colored" peaty and 
acid. Its pH Is only 4, or even as low as 
or sometimes even still lover. No won- 
der that extensive expanses of peat form 
In this strip of lowland. 

If the reader Is especially Inter- 
ested In the peat formations referred to, 
he should consult the special publications 
about them by E. Polak^^°; where are to be 
found very clear and comprehensive descrip- 
tions and opinions, which In many respects 
agree with my conceptions which appeared 
slmulataneously (1935) In an earlier por- 
tion of this book (pages 111, 157). 

But not In all respects can I agree with 
Miss Polak.-- 

In contrast with "topogene" peats, 
the origin of which, according to Miss 
Polak, depends only upon particular topo- 
graphic conditions Irrespective of the 
climate, she calls the peats of the eastern 
coast of Sumatra "ombrogeen" and In the 
first place makes the climate responsible 
for their formation. However, It Is ex- 
tremely doubtful whether or not this dis- 
tinction is valid. The author herself re- 
peatedly recognized that when the topo- 
graphic conditions are not fulfilled, as 
In a climate otherwise favorable for orabro- 
gene peat formation (about 5 m. per year 
of rain, regularly distributed), still 
there Is no peat formation. A typical case 
Is that on the hilly land with red to yel- 
low soils lying close behind the low coastal 
strip of eastern Sumatra, and only a few 
meters, or say a few tens of meters In 
elevation above the sea. Nor does the 
author record one single case of a topo- 
graphic peat under a climate having a long. 


2^9. Verbal comraunloatlon to the writer. 

250 . E. Polak, Voork. veenafz. N. 0. I., Vakbl. v. Biol. ^ (1955); 77* E. Polak, Veen In de tropen, Do 
trop. Nat. XXII (1955), p. 117. E. Polak, Ueber Torf u. Moor in Nled. Indlen., Verb. K. Ak. v. Wet. 
Amst. Afd. Nat. 2o Sectie. dl. XXX, 5 (1955), PP. 1-85. 
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dry season and at the same time at a low 
elevation, thus lying In a hot climate. 

It seems to me that the one principal fac- 
tor governing the formation of the exten- 
sive peat fields in Sumatra, Borneo, etc., 
is the ollgotrophic water conditions, poor 
in bases and acid in reaction. On this 
Miss Polak’s work throws much light. 

And now a few additional points 
regarding peat: the older and the higher 
lying a peat soil is, that is the farther 
In toward the center of the "peat lens,"^^^ 
the poorer the material must be in plant 
food substances. That trees still can ex- 
ist on it is apparently because their roots 
extend down through into a substratum with 
much water which circulates freely, so 
that all of what little plant food is 
available, can be fully used. Rain and 
dust out of the air might bring down enough 
for a (scanty) replenishment of plant foods 
to supplement the broken down remains of 
the standing forest vegetation. After cut- 
ting down the forest and draining the peat, 
a soil formation results which, especially 
in outward appearance (see Fig., 28, page 
158), very much resembles the high peat of 
the east of Netherlands and thus also 
should supply a very good "long turf," 
since through intensive leaching the ash 
content must be significantly lower. ' 

The native population does not ven- 
ture onto it for purposes of cultivation. 
Apparently on the basis of earlier experi- 
ence they know that there is nothing to 
begin with. Here and there European 
planters tried to force plantings onto it. 
Only on the outer edges of the peat lenses 
where, after drainage and heavy settling, 
the peat layer has reached a thickness of 
not more than 1 m. Hevea seems to be able 
to reach down through the peat cover with 
its roots to the mineral soil below and 
In so doing can just barely remain "sta- 
tionary." For palms (cocos and oil palms) 
to be able to get along at all the peat 
layer must be even thinner. But, even 
although the roots of the cultivated plants 
do reach the subsoil of clay (or the 


/ mineral substratum may be sandyj they do 
I not get much. For it Is a leached-out and 
bleached-out subsoil. Without intensive 
help from fertilization with an artificial 
fertilizer containing all the necessary 
elements for plant growth, it appears im- 
probable that a plantation on Netherlands 
Indies peat can continue in full swing. 


2-5- The Drainage Basins of the Soengei 
Rokan, Soengel 31ak, Soengei Kampar 

and the Soengei Kwantan 

It would indeed be superfluous to 
here consider these four drainage basins 
separately. The mutual similarity between 
them is too great to justify that. It is 
even difficult to point out particular dif- 
ferences between them and the Baroemoon. 

The only work in which anything regarding 
the soil of these regions has been recorded 
by anyone who, with an eye for such things, 
has travelled through the Bengalis division, 
is that by Bongers.^^^ And what he has 
written will be found to be almost pre- 
cisely the same as our description just 
above relating to the low land along the 
Baroemoen River. 

The only marked difference is that 
the low land, that is to say, the land 
even the highest points of which do not 
exceed 10 meters elevation above the sea, 
is here twice as broad. These high "points" 
are flat, upward growing, peat lenses and 
river banks along the main rivers which 
still continue to carry out some sands from 
the hilly back bountry. On these stream 
banks these sandy ridges near Slak and 
Pakan Baroe, Bongers noted that the Hevea 
trees planted by the natives were in very 
bad condition. He also noted a few kaln- 
glns with upland rice, which was distress- 
ingly miserable. 

No wonder that these extensive low 
flat lands belong to the thinnest populated 
regions of Sumatra, yes of the entire Archi- 
pelago. For the entire division of Slak 
the census of 1950 showed an average of 


251. Miss Polak also includes with the topogene peats a couple of examples (Pangandaran and AmbaTawa, 

both on Java) In which she supposes peat formation to be possible In a medium with an alkaline re- 
action. When considering "Java" I shall go Into this point further. 

252. Figure 29, page 159 shows a radial section through such a lens. 

255. H. C. Bongers, Rpt. betr. de In de afd. Bengkalls voork. gronden, Alg. Lb. Wkbl. v. N. I., II ( 1920 ); 

p. 1277. 
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only 0.88 person per km.^, altogether not 
even 50,000 persons. And of these obvi- 
ously a sizeable percentage lived in the 
larger towns of Slak and Pakanbaroe and 
In villages on the river banks. The rest 
lived on a few low Neogene ridges, which 
lie between the Siak river and the Kampar, 
and between the Kampar and Kwantan. These 
ridges at most rise but 80 meters above sea 
level, while usually they are not higher 
than 50 m. But where the land does not 
rise above 10 m. and none of the large 
rivers flow through it, not a single per- 
son lives. There is simply nothing there 
to live on.^^"^ 

As an exception to this we can 
mention the Chinese wood cutters (panglo- 
ens), in a strip of about 10 km. breadth 
along the coast. That they do not pene- 
trate further into the interior appears to 
be because of the fact that the desirable 
woods are not to be found farther back.^^^ 
In a certain sense the wood is a function 
of the soil:^^° (l) the salt water-man- 
grove zone gives a good charcoal wood and 
sometimes also tanbark; (2) from the sec- 
ond zone with more or less brackish water, 
lying behind the mangroves, on the places 
where the peat is still quite thin, weak 
but useful timber Is obtained; and then 
follows (5) the region with the fresh, 
bright, "sweet water," which however re- 
acts quite acid and in proportion to the 
depth appears to be brown to black col- 
ored. In this zone, on the top of the 
several meters thick peat, the timber is 
30 poor that the Chinese wood cutters will 
not bother with it. Finally, in the cen- 
ter of the peat lens there stands almost 
no wood, only here and there a Pandanus . 

(^) Useful, hard wood is found only on the 
ridges and hills lying always above water, 
with yellow to reddish soil of poor qual- 
ity so that the wood grows very slowly. 

But then this zone is above and out of 
"the low land. " 

For completeness it may he^re also 


Mi 

be recorded that the large Islands in the 
Straits of Malacca; Poelau Roepat, P. Beng- 
kalls, P. Padang, P. Tebing Tinggl, P. Me- 
dang, and P. Menjalai all have the same 
soil types as does the low, main shore: 
a clayey coastal shore, here and there in- 
terrupted, sometimes by a sandbank, and 
sometimes by the inner formation which 
reaches the sea^ Behind that is one great 
expanse of peat, running up toward the 
center to a couple of meters elevation. 
Inland the forest becomes worse and worse 
as one approaches the center of the peat 
lens. In from the coasts not a person 
lives. Only along the coast on some spots 
of clay, loam, or sandy soils which stand 
above the water level are there settlements 
of fishermen and wood cutters. 

6. The Drainage Basin of the Djambi River 

In comparison with the rivers dis- 
cussed under 1-5 the Djambi river is of a 
different character, in so far as from 
here on to the south of Sumatra the upper 
drainage basins to an Important degree have 
been and are still under the Influence of 
volcanic eruptions which have produced 
enormous masses of efflatas. In the drain- 
age basins of the rivers mentioned under 
1-5, we were concerned practically entirely 
with the weathering products of sandstones, 
loamstones, and limestones. Products of 
volcanic origin played no role. But into 
the drainage basin of the Djambi river, 
however, there comes much, in fact very 
much volcanic ash. We have already noted 
this during the discussion regarding the 
mountains of Southern Sumatra (pages 51^- 
537) • The farther one goes south, the 
more the volcanic products predominate, so 
that the sediment which these southern 
rivers carry out is entirely different from 
that such as rivers 1-5 carry toward the 
sea. 

For the greater part of its course 


2')^. The new topographic maps on the scale of 1:100,000 are very striking In this respect for they do not 
show a single settlement! See also; J. Tideman, Land en Volk van Bengkalls, Meded. Encycl. Bur. 

Kblon. Inst. No. 9 and Ts. K. Aardr. Gen. (Nov., 1955). 

‘5"^. A map of the pangloen regions may he found in; J. G. G. Jelles, Bosch oxpl. pangl. gobleden, Tectona 
XXII ( 1929 ), p. 484. See also: F. H. Endert, Proefbaanmetlngen l/h pangl. geh., Tectona XXV ( 1952 ), 
p. 751 . D. A. Boon, Bosschen voor expl. in Ben/^kalls, Tectona XXIX, p. 544. 

^ ;6, Boon, 1. c., p. 567 — gives a very Instructive, schematic sketch. However what he Indicates as a 

clay ridge, had perhaps better be called a "bank," whether or not rich in clay. 
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Fig, 191. The road to Palembang running over the rolling talang 
plain of DJambl. Plantings of ruhher hy the natives. 



Fig. 192. DJambl. Caving off in the outside of the meander of the 
Batang Temhesl because of which the road has had to be shifted over. 
The reddish brown lixivium evidently washes off more than the under- 
lying pale clay layer. In the distance: village and talang 
vegetation. 
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the Djambl river flows through somewhat 1 
higher terrain than the rivers previously 
mentioned. Near Moeara Tembesl the Batang 
Harl and the Batang Tembesl unite. Before 
that near Moeara Tebo the Batang Harl re- 
ceives the Batang Tebo, an Important tri- 
butary. Below Sarolangoen the Batang Tem- 
besi l3 joined by the Batang Merangln; 
while these are the principal affluents, 
there are of course still many of less 
significance. 

The Batang Harl Itself comes from 
far away--out of the Padang Uplands. Prom 
its uppermost drainage basin to approxi- 
mately Soengel Dareh It does not receive 
much material for making particularly fer- 
tile sediments. But from there on the 
good Influence comes out of the southwest, 
from the volcanic complex of the Piek van 
Korlntjl. Now It flows through, or more 
correctly under the tuff plateau of the 
Moeara Boengo division. We have already 
seen above (pages 53 '^, 53^) that there Is 
certainly to be perceived a favorable in- 
fluence upon the paddies, especially near 
the Soengel Djoedjoehan. Thereafter the 
river flows on out through the extensive 
Ncogene regions of Central Djambl. 

These young Tertiary lands already 
ahov the character of what throughout 
Southern Sumatra are called the " talan p:" 
lands; although here In Djambl it is cus- 
tomary to call them kasang lands, after a 
hard, tall sort of grass ( Themedia arpiuens . 
Hack . ) which grows here and which can 
oasily be recognized by everyone. 

The terrain Is no low plain, nor 
is it mountainous, but a weakly undulating 
land between the two. Here somewhat more 
Hilly, there almost entirely flat, but 
everywhere the surface Is well drained, 
lying above the ground water (see Figs. 191, 
192, page 5^2). A region analogous to 
the Netherlands* Veluwe, even as to the 
vegetation: here and there, especially 
In the valleys. Is forest, not heavy 
tropical high forest, but rather a meagre 
secondary forest. Elsewhere extensfve 
Q^epanses of kasang and cogon ( Imp e rat a spp.) 
^Ith some bushes and low trees. Originally 
^he talang was probably entirely covered 
vith tropical high forest. The soli In 
general was probably not rich, but In the 
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course of centu]::le3 In the modest humus 
layer under that forest all kinds of plant 
nutrient materials had accumulated. Then 
In the process of kalngln agriculture the 
forest was cut by the Inhabitants. Soon 
becoming unproductive, the kalnglns were 
abandoned and new forest came up, but not 
30 good as the former, because as a result 
of erosion the good surface soli had natu- 
rally for the greater part been lost. Con- 
sequently kaifiglnlng the second time gave 
poorer results, etc. Now In many places 
a stage has been reached where no forest 
at all comes back again and the Impover- 
ished soil lies Idle. 

At this stage, a quarter of a cen- 
tury ago, Hevea came Into the picture and 
that strong rubber boom excellently demon- 
strated the nature of the talang lands (see 
Fig. 191, page 542) . Being much pleased 
that Hevea, even on the prospectuses of 
promoters exhibited a willingness to grow 
on talang terrains, the Inhabitants planted 
rubber seed everywhere on the talang In 
Sumatra. And now In general we can see In 
the rubber trees how much and what sort of 
volcanic material had been mixed Into the 
soli, for without such material the talang 
soil promises very little, even for Hevea. 
Above we have already seen (page [;4o) that, 
according to the experience of Bongers, In 
Slak the treas appeared yellow and miser- 
able. In Djambl the condition of the 
trees is quite a good deal better. In the 
Lampongs, where the excellent Krakatau ash 
has been spread out over the land (see 
Table 112, page 929), the trees are the 
best. Although In this region there Is 
not very much native rubber culture, the 
rubber on European estates In the Lampongs 
shows these effects distinctly. 

In general the soil of the vast 
expanses of the talang Is a senile brown- 
ish red lixivium, originating from alluvia 
and coarse colluvia of the large rivers. 

In road cuts countless times the senile 
profile can be seen. This has been de- 
scribed in page l44 ff. and Frontis- 
piece A--(3ee also Figs. 192, page 544 
and 197, page 549). In places, more 
toward the mountains. It is evident that 
chese coarse river deposits have had the 
character of lahars . In such regions 


"'^7. Hegardlng this compare the series of reports collected under the title: De Bevolkingsrubbercultuur 
in Ned. Indie (published by the Dept. v. L. N. on H., 1925-1927). 



544 


THE SOILS OP EQUATORIAL REGIONS 



Photo hy J. A. van Rijn van Alkemade 


Fi«. 195. The DJambi RlVer near the main town of DJamhl. Houses on 
piles, at the foot of the natural levees, since here the floods can 
not rise so very high, heoause of the nearness to the sea. 


there la also more probability that the 
soil l3 somewhat leas aenlle. VThlle this 
may more likely be the case In Palembang 
and the Lamponga, In Djambl however one 
need have few Illusions that less aenlle 

soil can be found. 

Returning to the river deposits 
In the low land of Djambl, It has been 
ascertained that those along the Batang 
Harl and the Batang Tablr and the small 
rivers coming out of the north are not 
better. Nor does the Batang Terabesl bring 
much excellent sediment with It. We have 
already learned of the Merangln In the 
description of the plateau of Bangko, and 
the Batang Tembesl and the Batang Asal come 
out of old, slllca-rlch mountains, .Hence 
the fine sand deposits are also very rich 
in quartz, and beyond Moeara Tembesl the 
deposits of the Djambl River consist of ,| 
alluvia ‘becoming continually finer and 
finer with a high percentage of quartz slit, 
also white glass which weathers only with 


difficulty. Along the banks of the rivers 
In Djambl (see Pig. 195, above) natural 
levees have also been built up and along 
the sea shore are slight ridges, while be- 
hind them, as farther north, are found 
shallow swamps, black water, and the for- 
mation of peat (see Figs. 19'* and 195, 


ge 543 ). , 

At the boundary between the sub- 

rial and subaqueous soil formation, at a 
rlable depth, from l/5 m* to even 2 m. 
id more. In the soil there Is almost 
ways one form or another of Iron concre 
ons. In sandy soils these develop Into 
igular solid layers about 20 cm. thick, 
ilch simply surround or Include the san 
^alns; In somewhat finer |ralned deposit 
le iron concretions begln^ more as smai 
Mps (krlkll), of fantastic form and aU 
Drts of consistencies and colors, 
itter for example vary from light ye 
hrough all tints and shades ° 

ark bluish violet. In clay and he y 


258. 


iron ooncretlo;^r^thne8 contain quite a good deal of ^ 

,ial Museum section of the Colonial Institute of Amsterdam 11.6* Al^a vas 
all from Iron concretions from BJambl.' 


laboratory of the Com 
extracted by strong 
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Piioto by J. C. van Ecrde 

Fig. 194. Paloinbang. Dwellln,.': on « (Vesh water creek In the swampy 
lowland, with the vegetation which Is associated with these 
conditions, (see also page 



Photo hy 'rh. Del Prat 

Fig* 195 « AJer Kramasan, close to where the Ogan flows Into the 
Moesl, I^bak region, Palembang. Deep brown water. Mai'sh vegeta- 
tion. 
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clay loam they form only round grains: hall 
ore, bean ore, or blackish brown bean 
cakes. If other, harder stone material is 
lacking or is not locally obtainable, the 
second of the three forms mentioned, which 
is the hardest, is especially appreciated 
for road metalling. This is particularly 
common not only in Djambl but also in Palem- 
bang. 

It has already been stated above 
that the somewhat higher lying kasang lands 
are seldom or never kaihgined. This state- 
ment is not without exception; Indeed rice 
is still planted on this soli, especially 
where just previously forest stood, that 
Is, on the relatively lower uplands. But 
this is true even more on the lower fore- 
lands, the renah lands, and also on still 
lower terrains, the pa jas or swamp paddles. 
The last -mentioned lands are however no 
more true paddies than those in southeast- 
ern Borneo. They are not rice fields in 
permanent cultivation. Thus in common with 
kainglns, they are planted in succession at 
most a couple of times, then because of in- 
adequate plant food supply the land is 
again left fallow for some years. 

All memoranda of giving over charge 
by the local administrative off icials, 
who also know other districts of Sumatra 
and of the Archipelago, agree that the 
lands of Lower Djambl are poor or bad. 

They bring out how, near to the coast, 
first near Kwala Toengkal and later north 
from Moeara Sabak, plantings of qocos have 
been made by the Band jarreezen.s on the 
clayey coastal ridge where the palms ap- 
parently develop well. Without doubt we 
can ascribe that success to the fertiliz- 
ing Influence of the sea, an Influence 
which Is lacking farther Inland. Rattan 
jelutong ^^^ are also limited to the 
relatively narrow coastal strip. With 
regard to firewood cutting there is no need 
of repetition, for what has been said on 
page b^l also applies here. 


[ Yield figures for the cultivation 

of rice on kasang, renah and swamp paddy 
lands of Djambl, I have never found, it 
a question whether In this region test cut- 
tings have ever been made for this purpose 
Yet they are very necessary, If one is to 
avoid the suggestive Influence of too opti- 
mistic expectations^®^ or of a priori too 
pessimistic deductions. 

, The lower drainage basin of the 
Djambl river is an agricultural region 
difficult to maintain in a prosperous condi- 
tion. Experimental plantings of cotton, 
coffee, and pepper have come out badly. 

The farmers usually play two cards, rice 
and rubber; rice by preference on the low 
land, rubber on the somewhat higher land. 
The low land is, however, frequently rav- 
aged by floods. Goblus^®^ makes mention or 
differences in water level at Moeara Temboal 
of 10.25 and 10.80 m. between the lowest find 
highest levels of the river. It Is obvious 
that such floods must mean a failure of the 
crop. It wouldn’t be so bad If the floodn 
brought much fertile sediment onto the 
fields, but even that Is not the case. 

Thus reforestation especially of the higher 
mountain regions and the hilly land Is indi- 
cated for the future. In that way the un- 
desirable fluctuations of the rivers will 
be reduced and the rice yields, while in- 
deed not high, can be counted upon more 
regularly. 


7. The Drainage Basin of the Moesi 

This, the greatest river basin of 
Sumatra, approximately twice as large an 
tho entire Netherlands, shows distinct 
differences in its several parts. Naturally 
differences are more marked in the reglons 
along the upper courses of the different 
affluents than close to the sea. And also 
greater than between the upper course re- 
gions and their respective middle course 


259. There may be mentioned: A. 0. Frohweln, Alg. Mem. Onderafd. Djambl (Febr., 1931), pp. 2, I3; 0. Ch. 
Rapp, Alg. Mem. onderafd. Djambl (Nov., 193^), PP» 3, 30* Th* B. van Aalst, Mem. v. Overg. onderafd- 
Ma. Tambesl (Oct., 1929), Pp. 22-25. Here, among other things, it is argued that the yield of rlco 
Is Inadequate to provide for the needs of the people themselves. 

260. Probably Dyera costulata a big tree of tropical lowlands producing a light timber and a useful 

261. See especially the writings of earlier dates, for example: W; H. Keuchenlus, Bekji. nota afd. O'llb 
T. schr. Blnn. Best. ^ (1912), p. 259, which express many expectations, which In later times have 
often been fulfilled on only a very modest scale. 

262. 0. A. Goblua, Mom. v. Overg. onderafd. Ma. Tembosl (October, 1933), PP* 3, 
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and lower course terrains. 

In the discussion of the South 
Sumatran Mountains (pages 514-357), the 
locations have been given where old rocks 
are exposed at the surface, and where young 
volcanic efflatas of more acid character 
are found, along with the basic eruptlves 
of the geologically youngest time. In 
order to avoid unnecessary repetition, 
upper river regions there referred to will 
be loft out of consideration here as much 
as possible, and attention will be especi- 
ally on the rivers and their sediments. 

Originating from the volcanic 
Boeklt Daoen ( see pages 518, 555) in Upper 
Benkoelen, the Moesl flows through a deep 
valley still well forested, passing among 
others Tjoeroep and Kepahiang, and on 
toward Talang Padang, where the Ajer Lln- 
tang flows Into It. The latter river 
drains the water from the western part of 
the Pasemah plateau, and from the plain 
dominated by Mt. Dempo, the volcano which 
has blessed this plain with a covering of 
fertile ash. No wonder that there are 
many fertile paddies. 

Thereafter the Moesl flows through 
the old Goeraal mountains (see pages 5l4, 
^51), and what the river obtains from them 
In no way Improves the quality of the water 
and silt. Below the Ooemal Mts., the river 
enters the hilly land of Teblngtlnggl 
which, pedologlcally considered, is already 
high talang. Although Teblngtlnggl Is but 
100 m. above sea level, yet even In a di- 
rect line is quite 250 km. from the sea. 
Here the rivers all flow In quite deep 
valleys, thus they easily take the erosion 
products from the land but can't contribute 
anything to It. And since the talang is 
deeply weathered to a quite senile stage, 
from this high talang the Moesl receives 
only worthless senile erosion products. 

First near Moeara Kllngl the Moesl 
becomes a river In a low plain, as does 
the Rhine, shortly before It enters our 
Holland. There the Moesl receives ^rein- 
forcement from the Ajer Kllngl. This 
great tributary river also comes of a 
quite good family, at least originally, 
vhere it takes In the water and slit from 
the volcanoes Boeklt Kaba and Boeklt Kelam. 
Its tributary river, the Ajer Belltl, Is 


somewhat less good but still tolerably so, 
as the surroundings of Moeara Belltl 
clearly Indicate. Already from Moeara 
Kllngl on, in the time of floods the water 
of the Moesl flows out everywhere over the 
banks. Thus there begin the deposits, 
although even there some water flows from 
the talang Into the river (see Pig. 9, p.l50). 

Farther on the Ajer Rawas unites 
with the Moesl. The Ajer Rawas comes from 
the Djarabl boundary. As Its Important 
tributary It receives the Ajer Roeplt, the 
water of which Is from old rocks: sand- 
stones, claystones, limestones and old vol- 
canic formations, which in part are rather 
strongly acid (l.e. high In silica). 

Neither the one thing nor the other is any 
recommendation. For that matter the map 
of population density of Sumatra shows 
this very well, as we shall mention again 
further on (see page 551)* But it Is also 
observable directly on the ground; for 
near Moeara Roeplt where the two rivers 
reach the lowland, they overflow and spread 
their sediment out covering the land, and 
that sediment Is a pale yellowish gray loam 
in which there Is much extremely fine quartz 
silt, which seals over the soil but In no 
sense Increases the fertility. Especially 
these deposits of the Ajer Roeplt could be 
called an excellent pottery clay, but this 
material does not now have any value for 
pottery, nor will It have until the region 
In which It lies has attained a sufficient 
density of population and such a level of 
culture that a pottery Industry could be 
built up there. 

At Sekajoe the Moesl then leaves 
the low land, which at times during low 
water Is exposed above the water, and flows 
out Into the land of permanent Swamps. 
Sometimes the water flows out of the swamps 
Into the lower river, while at other times 
the flow Is In the opposite direction. 

When the Moesl is at a somewhat low level 
the swamp water Is generally clear and 
brown (ajer hitam) and from a boat depths 
of sometimes 8 m. and more can be sounded, 
hence It Is easy to understand why the deep 
water appears to be black. (see Fig. 195). 

In this sort of terrain not much soil is 
to be seen. What Is dredged up from below 
is naturally gray to grayish white. 


^^3. See: J. van Tubergen, Verel. Irrlg. onderz. Sumatra, Versl. B. 0. W. (1915); V, B, (191^-1916), 
P. 120 ff. 
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Photo by W. Vail We scon 

Fif^. 196 . Hoad between Lahat and Pagoralam, PalcmbaiY:^ Forelands 
(renah lands) produce good crops of paddy along the AJer Lematang. 


completely leached out oubaqueously, and 
miyied only with organic matter. Even so, 
peat Is not to be found everywhere, the 
ovarnps thus differing from the conditions 
more to the north on the oast coast of 
Sumatra, Possibly this absence of peat 
is due to the young volcanic material that 
the Moesl carried out along with the ster- 
ile, base-free sediment. The pH of tho'sc 
sv/amps has not been low long enough to 
permit any considerable peat formation, 
such as has permitted the development of 
distinct peat lenses farther north. In 
middle Tertiary time it was otherwise. 
Relics from that age in Palembang are many 
former peat layers r.ow converted to lig- 
nite. But then uolcanism in the hinter- 
land was still not as active as it became 
later . 

After the brief remark that the 
Moesi takes in the Batang Hari Leko as the 
last important tributary river from the 
north, a river which, with all of its af- 
fluents, comes out of the talang hilly 
land and so it also has only a diluting 


effect upon the quality of the Moesi wat'Ug 
we may now give somewhat more attention t;) 
the great tributary rivers coming from the 
southwest . 

There is first the Ajer Lematang 
with its most important tributary river the 
Ajer Enim. Both are of significantly butter' 
"standing” than the Lower Moesi. They come 
out of the eastern part of the Pasemah, the 
plain of Pagar Alam and Bandar and the mou:.- 
tains lying east therefrom, consisting of h 
number of volcanoes which surround the Se- 
mendo. These volcanoes are indeed no loiigiu' 
young, but they are of good rocks, tolorahl/ 
basic. As soon as these rivers come out 
into country which is low enough, they begh. 
to form forelands, renah lands (see Fig. 

196 above) . These renah soils are gener- 
ally put under cultivation for rice and h 
number of other crops. But when beyond 
Moeara Enim the Lematang becomes a river 
of the low plain, very soon there are no 
more true renah lands , Further on down 
the river the inhabitants live particularly 
on the natural levees along the banks vhlrh 


264. Compare: F. W. Endert, Woud-booraflora van Palembang, Tectona XIII (1920), p. 113- At tliat time not 
80 much attention was being paid to pH determinations as Is now the case twenty years later. 
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Fig. 1,97. Tht AJer Lcmatang at Moeara Lrilic, Palemba[.g. Many 
bananas, cocos and fniit trees along the river. The river barii; 
shows the soil profile- describee on p. LI4 ff., and figured in 
Frontispiece A. Tlie leas rapidly erexh.-d prelecting wblde clay 
layer can be seen. 


are also called renaii.^^" On tiiocu tlic 
natives plant coco and other trees v.nicli 
can tolerate a high water table during trie 
frequent floods. Tiiey also plant crops 
which can come to maturity in a few months 
on upland soil (in the dry season). Tlie 
people living along the banks of this 
river ai'c mostly dependent upon tiio- rlv-.r 
Itself for their supoport (set- Fig. 197 
above) . 

The Ajer Ogan and tin.' Ajei* Koiii''!’lng 
are also Important tributaries, and in .some- 
degree different in origin. As to that, 
the Ajer Ogan resembles somewhat more the 
Ajer Enim. Wliile the Ajer Kornering origi- 
irillw receives much from the "surroundings 
ef lake Ranau which are covorfd over with 
more acid tuff." In the middle course thi53 
can still be recognized in the many quartz 
CO, stals and pale bits of glass and pumic*' 
ctune which have been dcqiosited by' the Ajer 


Kom'/ring on its r-nah lands. Because of 
tills the Kornering d^iposits ar-:. iieru poorer 
in quality tnan those of Ogan. 

The low swamp land"''^'^ receivos 
relatively little h-.:;eflt from the so two 
rivers, although 1-caIip Ind-'-ed It does 
r*. c-‘hvn a g-od doal, '.sp-cially on the 
natural Levees a Ion,:* Ln str':ain banks. 

A!:d also on tl;,oS'' places wuer- tlr. iiheabi- 
tants caij piaih. nlc- on t;-';- ciiO'per lying, 
low portions ( s- e Fig. 19^;, In so far* as 

t.ii'y ar*-- closed h; natural l-v s, sup- 

1 ) 1 e : ii nd . -e 1 . 1 b y s ma 11 per 1 1 (.) r ; s o : ’ a r t i f i c i a 1 
dikLi.n Slsiilarjy, too-ard t.r Int-rior, 
on tin- w.-akl.* sloping lands -niich in th-- 
rainy season ar- oompl t I;; soilo'hwg. -d and 
so foi'ni a lake, but wl..ici; in *:he dr;; s-rasoo: 
s'radually d’y, up^"'^ ' from th^‘ '_dg s i^ut 
too;ard th-^ d; t;p. oh; poLit: in Palembang 
s uck; 1 and o a 1'' - c a I I “d 1 bak s I f t h ;• s 

lands aiv' planted in tlm-; and L 0 growing 


Cf . : j. Szemlan, Aanteek, a;xqgcol. vork. re is T'alemban.n Bcrgcult., lY (l9V'), P* T9-ol ■ 

‘ It Is Indoed striking t].at Endort (i. c.), on Lie nai' do sketched, did not Indlcnto aii; yoat swan;, 

lorests In the low regions along the Ogan and Kwi:; i-llion oxcAnd;. In td.o last -'orlioii of tno rc doi.s 

of those streaiiis; also that he did not show nr,; alen* the Lemataiv;- On t,hf} older rr'ani do .gd sdow 
peat swamp forests along the Mov;si and the A. Rnw.ns, eve,-: uy close to the momi tains. 

7. Tills "dry season" is as a rule but relative and moreover cannot be counted uron. It Is to bo kei.t 

in mind that while as to the climate this region is still Indeed in ,gi’oup VI (Table 97; 
yst It Is approaching group Y (Table 94, page -'ipli). 
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and ripening of the rice keeps pace with 
the gradual evaporation, then large yields 
are obtained, indeed to as much as 52 quin- 
tals rough rice per hectare, although the 
average Is approximately 26 qu./ha. If 
the rains fall too early, then the rice Is 
drowned and the crop is a failure. 

High diking and technical regula- 
tion with sluices, so that by letting water 
on and draining It off, keeping the level 
entirely under control, would In the future 
be very useful for the lebaks along the 
Lematang, Ogan and Koraerlng. This Is true 
because even In the time of the submergence 
of the land these rivers should bring good 
water and good sediment onto It. The Moesl 
also forms lebaks, but not of such good 
quality, and upstream from the junction 
with the Ajer Lematang practically no bene- 
fit can be expected. 

The striking excellence of the 
yields of crops planted on these low 
flooded lands (lebaks) Is apparent If we 
consider that such land produces on the 
average approximately 17 quintals per hec- 
tare, while from kalhglns on talang only 
10 qu./ha, have been recorded.^®® 

A paradoxically sounding remark 
by the district civil officer Dlrks^®® de- 
serves to be mentioned here: "These are 
the very villages which, as shown by the 
list of the density of the population, are 
in the most thinly populated regions, yet 
they complain of the lack of land!” This 
reference Is obviously to lack of land they 
can cultivate with profit. Already there 
Is more than enough useless land. 

As to this It may also be stated 
that the Agricultural Extension Service 
reports^^° that "on fertile alluvial (renah) 
lands along the Enlra it Is not uncommon to 
obtain 55 quintals dry (upland) paddy per 
hectare." However there are but 4 to 5 
plantings In succession and then the land 
is allowed to lie Idle for a considerable 
number of years. On talang lands on the 
other hand, the yields of upland rice vary 
from 9 to a maximum of 17 quintals per 


hectare, and fields on these lands are 
abandoned after only one harvest, and are 
usually not planted sooner than 5 to 7 
years later, though sometimes again as 
soon as 5 years, "For a few villages 
In one of the higher lying coffee districts 
the Agricultural Adviser estimated that 
with an average farm of 11 hectares of the 
variable soils, the native farmer employing 
kalngln agriculture and thereafter on the 
same land planting coffee which only yields 
for a few years, does not produce more than 
15 to 17 quintals rough rice and 7 quintals 
coffee per year." This quotatlon^^^ Indi- 
cates something of the relative poverty of 
the higher talang or lower mountain dis- 
tricts of the region. 

Characteristic of this situation is 
the following statement regarding this 
coffee cultivation: "The lands planted 
to coffee in the uplands of Palembang for 
the greater part consist of very much broken 
and rough country. Almost the only lands 
used for coffee are those covered with 
heavy forest, since cultivation of coffee 
Is really satisfactory only on humous for- 
est lands. It Is therefore to bo re- 
gretted that no attention Is paid to the 
maintenance of the soil capital. Ordinarily 
after 8 to 9 years the soli of a coffee gar- 
den Is exhausted, after that It Is aband- 
oned and allowed to lapse again Into the 
Public Lands. Prom the pedologlcal stand- 
point, however, the soli has deteriorated 
since no fertilizer In any form Is ever 
applied. The growing of coffee Is only 
possible because the native planter Is 
skilful In selecting the very best lands 
and limiting the crop to those. But even 
this expression "the very best" must still 
be taken with a grain of salt; the culti- 
vators adjust themselves to get along and 
be satisfied with a low minimum rate of 
return. On the "less good" lands the yield 
amounts to approximately 1 5/4 quintals per 
hectare. On the "better," yields of from 
4.5 to 7 qu./ ha. are obtained, while a fev 
unusually excellent gardens give as much as 


268 . A. Dlrke, Aanv. Mem. v. Overg. onderafd. Ogan Ilir ( 1955 ), PP* 27-5O. 

269. L. c ., p. 4 l. 

270. Versl. Lb. Voorl. dlenst ( 1915 ), p. 209 . 

271. J. Tldeman, Mem. v. Overg. Resldentle Palembang (1928), p, 24 ^, 

272. Tldeman, 1 . c ., p. 245 . 

275. Tldeman, 1 . c ., pp. 258-259. 

274. Compare In this connection what has been aald on pp. 475-476 above regarding .forest humua. 
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17 to l 8 qu./ha. About the fifth year the 
planting gives Its highest yield, there- 
after the production rapidly declines/' 

This lengthy quotation Is Indeed very sig- 
nificant regarding the rapid exhaustion and 
the loss of the humous soil, lying on a 
senile, poor subsoil. It Is not difficult 
to picture what great good fortune for the 
impoverished talang regions has been the 
cultivation of Hevea rubber trees which 
make such modest demands upon the soil. 

So It was that In 1928 Tldeman^^^ wrote: 

"At present It may be said that the culti- 
vation of rubber Is the native cultivation 
of the talang plain." 

How far even the Semendo region 
paddles, which are called excellent, still 
fall short of an Ideal fertility has been 
shown by the fertilizer experiments of the 
Agricultural Extension Service. While 
unfertilized fields produced but 17 quin- 
tals per ha., by adding 1 jA qu./ha. 
double superphosphate there were obtained 
45 quintals paddy per ha. Here a marked 
deficiency In P was strikingly demonstrated; 
since that time the natives have annually 
applied great quantities of double super- 
phosphate. 

Finally, let us briefly consider 
the density of the populatlon^^^ as a func- 
tion of the nature of the soil. Thinly 
populated are the river tracts of the Ajer 
Rawas and AJer Roeplt (about 6 souls per 
km.^) and similarly those of the Ajer 
Kllngl and Central Moesl (also about 6 ). 
Along the upper Moesl (Lebong) there are 
more people (14), but in the Red Jang still 
more (23). Teblngtlnggl, to which also 
.the western part of the Pasemah high plain 
belongs, has an average of ( 21 ), but the 
rest of this plain, with the Dempo volcano 
brings It up to (37)* Next to these Lema- 
tang-oeloe has (24) and Lematang-lllr (26), 
Ogan-oeloe (l9), Moeararadoewa (l 8 ), 
Komerlng-oeloe (l4), while Ogan-lllr with 
bhe lebaks (35)* Thereafter we come Into 
the low swamps I Komerlng-lllr with' but (6), 
^d In the north the extensive region of the 
Banjoeasln and Koeboe tracts with about (3) 


Inhabitants per km.^ A glance at the map 
makes It very clear that the Lematang and 
the Ogan have the most fertile drainage 
basins and so the densest population. 


8-10. The Drainage Basins of the Way 
Toelangbawang, the Way Sepoetlh , 
and the Way Sekampong Rivers 

Between the drainage basins of the 
Moesl and the Way Toelangbawang there Is 
also an extensive, low part of Sumatra, 
wherein are a number of smaller and larger 
rivers. The largest of these Is the Soengel 
Mesoedjl, for a large part the boundary 
between Palembang and the Lampongs, 

This low land has a character all 
Its own, as Is evident from the publica- 
tions of Van Tuyn.^^® 

The present conception of the phys- 
iographic development of this region la 
that after the formation of the great pene- 
plain of East Sumatra there occurred a 
rising of the land and/or sinking of the 
sea level. The consequence was a period of 
erosion wherein were cut down deep river 
valleys which became continually broader 
toward their mouths. At that time the dry 
land Included what are now the Java sea 
and a large part of the South China Sea. 
Following this there was a transgression 
of the sea, during which the Java sea came 
Into existence, while along the eastern 
side of Sumatra many river valleys were 
partially drowned and became arms of the 
sea. In these from that time on marine 
clay began to settle out and accumulate. 
Along most portions of the land remaining 
dry between the river valleys and facing 
the open sea the surf formed steep cliffs 
while elsewhere the pounding of the surf 
and the steady winds threw up barrier 
beaches. 

After this there was once again 
a slight elevation of the land, not along 
the whole of the east coast, but especially 
along this part. This elevation was enough 
to raise a large part of the youngest marine 


275. Tldeaan, 1 . 0 ., p. 249 * 

276. Yerel. Landb. voopl. dlenat (1919); PP» 328-529 • 

277. CenauB 1930 , IV, Inh. berolk, Bum., Table 9 and map. 

^78. I, j. blad (Wlralaga) o/d Oeol. Brt. Sumatra (Bandoeng, 1934), pp. 6 -I 3 . n. 

Idem^ Toel. blj blad 8 (Manggala) (Bandoeng, 1934), pp. 7-9. Both publloatlons have very clear and 
Btrlklng photograph! • 
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deposits in the rivor valleys, so that at 
least now and then they were dry. Pieces 
of talang, previously islands, which had 
been nibbled at by the sea from all sides, 
now lie as higher portions in the center of 
the lower marine clay marsh lands. 

The peneplain, mentioned above, 
was at this time far from senile, but for 
a great part in just this region and its 
hinterland consisted of "Middle and Upper- 
Palembang layers," that is to say, of the 
acid tuff, sandstones and pumice stone 
tuffs, alternating with claystones. It is 
true that this material, at present no- 
ticeably further weathered, is still to be 
found in these places. And in the low, 
marshy land we cannot expect that any pro- 
nounced peat formation has occurred. 

The surface soil is Indeed black, with a 
gray subsoil, but it cannot be called peat. 

VHiile we may safely presume that 
here earlier the land was occupied by an 
endless tropical high forest, it no longer 
exists. Along the coast and along the 
great rivers there is a tidal zone, at most 
a few kilometers broad, in which the marine 
clay flocculates out and precipitates in 
the sea water or in the brackish water. 

Along the edge of the sea is a strip of 
mangroves and inside of that one pf nlpah 
"palms." Further up along the rivers are 
many pandans. Behind this zone there lies 
the extensive swamp region. That is, a 
region which is more or less dry in the 
dry season (this part of Southeas.tern Su- 
matra is already within the sphere of in- 
fluence of the east monsoonl), but in the 
rainy season the soil is submerged to 
about a meter depth. There is no forest 
on this land; at most, a few trees which 
can well stand the great seasonal differ- 
ences. There are endless open " lebaks " 
which have only a grass vegetation. At an 
intermediate elevation between these and 
the talang forest, which is just as poor 
in timber as is the vegetation of the ta- 
lang regions lying more to the northwest, 
lies a strip of varying width with swamp 
forest, in which is an abundance of rattan 
and swamp palms. In this swamp is found 
true "ajer hltam" and also clay soil rich | 
in plant remains, but still no peat. 1 

The sparse population of this re- j 
gion has its huts on the natural levees 


and around the talang islands. There are 
no roads; the only means of transportation 
is by water. At present, seeing that the 
various soils are hardly used at all, 
there is apparently not much appreciation 
of the value of the different soil forma- 
tions. An optimistic look into the future 
would seem to expect perhaps some possi- 
bilities in the high portions of the strips 
of marine clay along the rivers, sticking 
like fingers into the land, presuming, of 
course, that the regulation of the water 
on them can be gotten into hand. 




Much of what has been said above 
also applies to the drainage basin of the 
Way Toelangbawang, as well as to the lower 
courses of the Way Sepoetlh and its tribu- 
tary river, the Way Teroesan. This can 
best be seen on the above, already referred- 
to, sheets 1^, 8, and 4 of tho new Geologi- 
cal Map of Sumatra on the scale of 1:200,000. 

However, the farther south one goes, 
the older the Quaternary tuff becomes, also 
the more the predominantly tuffaceous layers 
are buried, and on many spots there is also 
a gravel covering. This is the tuff which 
was mentioned in the previous chapter (pago 
521 ff.). Toward the southwest the size of 
the gravel Increases. This is the direc- 
tion in which the granite gravel region 
lies, and shows the relationship with it, 
or rather through its petrographic nature 
we know that it originated from that. 

Along this zone tho gravel consists almost 
entirely of these rocks, which are not 
young volcanic. 

Now as to the soil; The drainage 
basin of the Way Toelangbawang begins vUh 
that of the Way Olham, the Way Oempoe and 
the Way Besal, coming out of the mountains, 
and described on pages 521 and 5^6. As 
these rivers and a number more to and in- 
cluding the Way Rarem, come into the low- 
land they first flow through hilly land 
lying at I5O-5O m. elevation and then 
through a somewhat lower talang tract, the 
so-called "Rebang district." This has, 
however, a much better reputation than the 
talang in general. Sheet 5 of the 


279. Van Tuyn, 1. c ., I, pp. 9, 2U. Here and there It Is true one coanes upon heaving due to pressure* 
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Geological Map (Kotaboeral) explains vhy; 
the Rebang district is given the color of 
"andesitic volcanoes and tuff mantles”; 
the railway line from Kotaboeml nearly to 
Oedongbatin runs approximately on the 
boundary between this and the lower and 
different terrain which on this map is 
designated as "Quaternary river sediments 
and acid tuffs of the plain." Perhaps 
through many good and bitter experiences 
the natives of Rebang have found where 
they ought to settle, and where they must 
not. If the geological map be compared 
with the topographic one, it is at once 
apparent how much thicker the settlements 
are on the andesitic, than on the acid 
tuff covering. And in the field when 
passing from sandy, pale red lixivium onto 
a warm red, quartz-free lixivium it is 
likewise apparent. One goes from a miser- 
able talang vegetation into a stretch with 
many villages, bamboo, fruit trees, and 
planted crops. This stretch, however, 
does not extend out nearly so far as do 
the acid tuffs which extend out too close 
to the mouth of the Toelangbawang. *But 
the Rebang is not yet thickly Inhabited, 
and more new residents should be able to 
settle there; especially if all the area 
which is irrigable in that andesitic re- 
gion were well irrigated. At present 
however, there is not a bit of modern ir- 
rigation in that whole region. 

Also the rivers Way Pengeoboean, 
the W. Sepoetih, and the Way Sekampoeng 
ccme originally out of the mountains in ^ 
the western part of the Larapongs, then 
flow on enormous distances through the 
flat, acid tuff talang-llke region, which 
for a great part is still extremely sparse- 
ly inhabited. The region between the 
basins of the W. Sepoetih and W. Sekam- 
poeng is drained by the W. Pegadoengan. 
Since this river neither rises in nor 
flows through mountains, but only comes 
out of the acid tuffs, it transports a 
fair amount of quartz sand. No wortder 
that at its (earlier) mouth it threw up a 
broad sand bank^®^ from behind which, 
after the slight elevation of the land 
which was mentioned on page 537 , it was 
forced to hunt a way out northwards and so 


to empty into the Sepoetih just before the 
latter flows into the sea. 

The Way Sekampoeng originally must 
also have flowed from the southwest toward 
the northeast. But at present, however, 
because of the formation of the basalt 
cake of Soekadana in that region, it had 
to find a new way out and in so doing 
turned toward the southeast. The bay to 
the south of the "island of Soekadana" was 
perhaps once the outlet of this river but, 
as the sea developed a barrier along the 
present-day coastline on the outside clayey, 
and gray on the inside flanked by gray or 
yellow sand, to this degree the arm of the 
sea was altered into a lake. It was really 
a swamp, which simultaneously grew thick 
with peat and filled up with sediment, so 
that the mouth of the Sekampoeng river now 
lies southeast of the southern point of 
the basalt cake, and at a considerable dis- 
tance from there. But the swamp is still 
so much of a swamp (Rawah Sragl) that 
even today this region is uninhabited. 

Flnally--a brief consideration of 
the density of the population, since only 
the figures of the larger subdivisions are 
at hand. The highest figure (38 souls per 
km.^) is that of Telok Betong which was 
the subdivision of the whole residency 
which was most seriously "ravaged" by the 
Krakatau explosion in 188^. Then follows 
Kota Agoeng (15)> with the still young vol- 
cano Goenoeng Tanggamoes and the Seraangka 
valley. There follows Kotaboeml ( 13 ) with 
the Rebang, but also much acid tuff talang 
and also some andesitic highland. Finally 
Menggala (5*6) and Soekadana (5.9) with a 
talang of especially acid tuffs. 

Among the most Important native 
crops we find pepper, especially in the 
Telok Betong subdivision and also in the 

Rebang, while a large part of the coffee 

2 82 

is grown in the Kotaboeml subdivision. 

A large proportion of the rubber estates 
also lie in the first-mentioned subdivi- 
sion; in other words the export crops are 
concentrated on the andesitic lands, to 
which we can add pepper on the basaltic 
Island of Soekadana! Paddy rice, properly 
irrigated, is still principally confined 
to the Way Lima, where the lands of the 


280. F, j, juxilue, Alg. Mm* Rsa. Laiap. Dlstr., (Msl, 1955); PP* 1^5-152 • 

281. Seo ths rapeatadXy rafsrrsd to Bhoste 8 and ^ of the Qeologloal Map of Sumatra. 

282. See JunluB, 1. o., p. 
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Javanese Colony Gedongtatafin have been 
blessed with Krakatau ash, In fact, doubly 
blessed, first by the ash which fell from 
the air, and sec.ondly by the ash washed off 
northwards from the Ooenoeng Ratal moun- 
tains onto the lower lands. 

Already in the previous chapter 
(page 535) the contemplated irrigation 
was mentioned as the basis of a new Gedong- 
dalem colonization. The terrain lies en- 
tirely on the acid tuff talang between 
Goenoeng Soeglh and Soekadana, while the 
water will come from the talang rivers. 
According to my opinion, which may be de- 
duced from the previous pages, there must 
Indeed be very urgent reasons why the Re- 
bang and in a broader sense the andesitic 
land has been allowed to lie without 


irrigation and yet an irrigation experiment 
is undertaken on a large scale on the acid 
tuffs. It is possible that the experiment- 
ers have proceeded from this standpoint: 
if the test experiment succeeds, then 
enormous perspectives open. That was also 
the point of departure for the test clear- 
ing at Selatdjaran in the Moesl delta. 
Though this latter did not succeed; a 
priori Qedongdalem promises more and better. 
But even although it will be a great and 
continuous success, one should still be 
careful that with regard to irrigation 
no injustice is done to such tracts as the 
Rebang. 

***** 



JAVA 


INTRODUCTION 

In order to obviate any mlsunder- | 
standing my premise should be stated at 
once, namely, that in what follows it is 
in no sense my intention to discuss ex- 
haustively the soils of Java; this is not 
a monograph which is Intended to stand in- 
dependent of ' the preceding* parts of this 
book. On the contrary, in the following 
discussion Java is properly considered as 
a portion of the Netherlands Indies, and 
therefore the soils of Java--and Madoera, 
which obviously belongs with Java--are 
treated as a part of the soils of the 
Netherlands Indies as a whole. ^ In order 
that the relationships of the whqle me^y be 
as clear as possible, special emphasis will 
naturally be placed upon the particular 
points of agreement and difference with 
other portions of the Indies. 

It' is quite in order to point out 
the fact that Java, because of the advanced 
stage of agriculture and because of its 
density of population, and because of its 
Importance in relation to the other islands, 
occupies a special position, and that also 
with respect to the soil significantly more 
Is known of Java than of the other parts of 
the Archipelago. Yet at the same time we 
must also remark that upon closer examina- 
tion this more extensive knowledge is really 
more quantitative than qualitative. It is 
Indeed true that for Java we have available 
an extensive net of observations and experi- 
ence as to yields of many kinds of crops as 
veil as the results of fertilizer and other 
crop tests. We also have extensive data re- 
lating to the climate and the nature of the 
soils. Even so, these data are still not of 
such a nature that oven for Java we can get 
a deeper insight into soil characteristics, 
soli formation and soil alterations than we 
have been able to get for the other Islands 
oi* the Archipelago. 


The Soil -Forming Rocks of Java 

As has been demonstrated repeatedly 
in the first part of this book, the petrog - 
raphy of Java has even greater hiatuses 
than, for example, that of Sumatra. It la 
true that there la a geological map with 
accompanying descriptions covering all of 
Java and Madoera,^ and although for its 
time it was a work of the highest merit, 
it is already more than 40 years old, so 
that naturally in certain respects the 
data are now out of date. Particularly 
for use in connection with soil science 
the classification is entirely too general. 
For example, when we find that all the vol- 
canic rocks and their segregation forms 
are Included under one color (rose), marked 
”V** (« volcanic), then it is at once evi- 
dent that there is no need for us to dis- 
cuss this point farther. 

More recent times and newer points 
of view demand much finer petrographic 
differentiatloris . The purpose of the new 
geological map indicates this clearly.® 

For example, on sheet 36 (Bandoeng), one of 
the two sheets which have thus far appeared, 
for volcanic formations there are 9 differ- 
entiations shown by colors and symbols, 
while on the map of Verbeek and Fennema 
these were all under the one color. If the 
reader remembers the striking significance 
of Drulf's differentiations of the differ- 
ent mud flows, ^ for the Dell tobacco cul- 
tivation on Sumatra's East Coast he will 
at once realize the great significance of 
the thorough-going differentiations which 
the new map of Java has, both for soil 
differentiations, and for the opening up 
of new points of view concerning all kinds 
of important crops, both those raised by 
the natives as well as by the Europeans. 

It is Indeed a pity that thus far 
( 1957 ) still only 7 of the projected 148 
sheets have appeared. Because of the 


P- D. N. Yarbsek and R* FamiaiDa, Qeol. Besohr. r. Java an Nadoara, with Atlas (Amsterdam, 1896). 
A. C. da Jongh, Toal. MJ bat sohama aanar algam. gaol. lagenda voor Nad.-Indib*, Jb. Mit)nv. N. I. 
(1930), Terh. m, p. 56 . 

3 . Thi* hook, pp. 464, 46M72. 
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cir'ciimstancea of the time, this work for 
the results of which so many Government 
Services, cHS well as' private parties wait, 
and was even entirely suspended for quite 
a time has now finally been resumed upon a 
modest scale. 

Although we can only hope that in 
this work a chanfj,e for the good may rapidly 
come about, for the preparation of this 
book the few maps with descriptions which 
have apueared can help us only relatively 
little. 

For more than a half century mining 
engineers and geologists have studied in- 
tensively Ghe rocks of the Netherlands 
Indies. The main line of study of the mas- 
sive, igneous, and metamorphic rocks has 
been in the field of petrography, but dur- 
ing about the last decade more petro-chem- 
Ical studies have also bee^ri made. The 
sedimentary rocks have been studied especi- 
ally paleontologically, and to a less ex- 
tent petrographically. This field is known 
to be of service, and as already mentioned 
on page ':)22 of this book, in the last few 
years a first beginning has made in sedi- 
mentary petrography. Even so, complete 
chemical analyses of sedimentary rocks of 
the Netherlands Indies are still as scarce 
as they were many years ago. From geologi- 
cal or mining-engineering points of view 
doubtless not much is to be gained from 
analyzing sedimentary rocks, although from 
the soil science or agricultural points of 
view such analyses would almost certainly 
be of very much value. As an example of 
the meagre data with which one must be 
sometimes content, I may mention that in 
1932 while studying the soils of the Prin- 
cipalities, Tollenaar'^ attempted to differ- 
entiate two types derived from two differ- 
ent limestones, about which he could only 
say that the one was "very pure limestone," 
while the other was "quite pure limestone." 
To illustrate how unimportant sedimentary 
rocks have been considered to be, it may 
be stated that of I 8 I published rock an- 
alyses made by the Petrochemical Labora- 
tory^ at Bandoeng, but 5 are of sedimentary 
rocks and, since the constituents important 
for soil science, K, Na,Mn and P have not 


been determined, even these 5 rocks have 
been analyzed only incompletely.^ 

Consequently, practically nothing 
of importance can be recorded concerning 
the chemical composition of sedimentary 
rocks of Java for the study of the soil. 
With reference to the eruptive rocks, in 
particular the lavas and the various kinds 
of volcanic ash, more data exist. To sup- 
plement the analyses which have already 
been given in the first part of this book, 
Table 115, page 56 O, has been Included. 

Considering all of the data we conu: 
to the conclusion that , except for a few 
exceptions to be noted later, the analyses 
of the volcanic rocks of Java, whether theo<; 
are selected from those in West Java, Cen- 
tral Java, or East Java, do not differ 
much more among themselves than the analy - 
ses of different products of one and the 
same volcano . From no other single volcano 
on Java are there available so many analysoos 
as of samples from the Slamat , ^ namely 18 
(if one does not Include the specimens 
marked "weathered") . Of these 18 the an- 
alyses of 7 ftre given in Table 20; the data 
of 11 more are to be found in the folding 
Table II 5 , page 560 . In order to facili- 
tate the comparisons I have given in Table 
115 , page 5b7, somewhat rounded figures ol' 
the averages, the maxima and the minima of 
the analyses of the Slamat samples, and 
beside them rounded averages and extremes 
of the analyses of samples from other vol- 
canoes, which fall outside the extremes of 
the Slamat figures (see Table 113, page nt’/]. 

From these data It is evident that 
the different rock forms of the Slamat, at 
least chemically, include as good as all 
the forms of rocks which other volcanoes of 
Java, from West Java to and Including East 
Java, appear to have erupted. It is by no 
means unlikely that with an equally detalic'l 
analytical study other volcanoes or volcanic 
complexes such as, for example, the Gedoh 
in West Java or the DlSng mountains, the 
Tengger complex or the Idjon mountains, 
would give an equally wide range of values 
for the various element3--a range as great 
as for all Java. 

Upon closer study the following 


4. D. Tollenaar, Meded. Proof et. Voretenl. Tabak, No. 73 (1932), p. 29 , 
3 . See: Jb. Mljnw. Ned. -Indie, (1930, 1931, 1952-35, and 1934-53)- 
6 . L. c., (1930), p. 252 
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Table II5 


Alia lyses of Volcanic Rocks 



Slamat Volcano 

Other 

Volcanoes of Java 

Minimum 

Average 

Maximum 

Minimum 

Average 

Maxlimoju 


i 


i 



$ 

S102 

49.0 

52.8 

5 f 5.7 

47.2 

■:) 4.2 

62.9 

A 1 2O 3 

16.1 

18.2 

20.4 

12.1 

18.1 

20.6 

F02O3 

1.2 

3.7 

7.4 

1.2 

4.3 

10.6 

FeO 

2.6 

0.1 

6.7 

1.4 

4.1 

7.8 

MnO 

O.I 

0.13 

0.2 

0.1 

0.18 

0.3 

MgO 

2.3 

f 2 

5.9 

1.2 

3.4 

8.3 

CoO 

6.9 

8.1 

9.6 

4.4 

8.2 

13.3 

NagO 

2.9 

3.^ 

3.7 

0.7 

3.2 

4.3 

KjD 

1.0 

1-0 

2.0 

0.3 

1 . 8 ^ 

3.6 ^ 

TIO2 

1.1 

3.7 

2 . 6 

0.3 

0.83 

2.3 



0.2 

0.36 

0.7 

tr 

0.23 

1.6 


1 . If one Includes the analyses of the calclum-rlch leuclto rocks^ then the maximum becomes 6.7 and the 
average 2.2. For that matter the entire table Is not free from accidents anrl arbitrary treatment, and 
consequently is only a rough approximation. 


relationships of the constituents ap^pear: 

The silica figures indicate that the Java- 
nese volcanic rocks belong with the basic 
effusive rocks (basalts, hypersthene- 
andesites, etc.) to intermediate rocks 
(hypersthene, auglte, little hornblende, 
still less mica-andesites). Acid rocks, 
with amounts of silica higher than 63 ^ are 
not among the compact rocks or lava streams 
which have thus far been analyzed; nor have 
there been analyzed any ultrabasic rocks 
with less than S 102 «^ 

The AI 2 O 3 content varies but little; 
most of the figures lie between 17 and 19!^* 
Only a few rocks of the Papandajan, the 
Slamat, Dleng, etc. are higher than 20 %, 
and but few rocks of the Slamat, Dieng, 
Kloet, Merapi (idjen) and Ringgit have 
amounts of AI2O3 significantly less than 
these limits. 

Fe 203 shows greater variations, 
between 1^ and while one sample of a 

basalt rich in iron has more than 10^. FeO 
also varies a great deal, from 1^ to almost 
8^* If only the separation could be made, 
it would be Important for soil science to 


know what part of the Fe 203 exists as magne- 
tite and what part as ilmenite (titanium 
iron ore), because under the weathering 
conditions which produce brown and red lixi- 
via and which are so widely prevalent on 
Java, these two minerals in the form of the 
well known ’’black magnetic iron sand" remain 
practically unaltered in the soil. On the 
contrary the rest of the iron in the rocks, 
present in the pyroxenes, hornblende, oli- 
vine, and mica, under the weathering re- 
ferred to, is liberated at the beginning 
as colloidal iron dioxide and as such exerts 
a great influence upon the characteristics 
of the soil. Now this easily weathered iron 
is for the most part present in the last- 
mentioned original minerals as PeO, and 
consequently the Fe 203 is for the most part 
to be found as magnetite, but still' it is 
not admissible to accept that the Pe 203 is 
present exclusively as magnetite. For ex- 
ample some analyses besides the Fe-’Os found 
have too little PeO; such samples are No. 48 
from the Slamat and No. 4090 from the Dieng,. 
CoTisequently on the basis only of the total 
chemical analysis, it is not possible to 


R. van Bemmelen did Indeed publish analyses of ultra-basic rocks In: De Ingenleur In N. I. (l 95 i)> 

P* 154 , but the relatively very small rock masses which these samples represent are without significance 
for soil formation. 
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spilt up the Iron Into the portions PeO 
and PesOa, one of which Is Important for 
and the other unimportant for soli science. 
And while sometimes one cannot do much with 
rocks very rich In glass, the microscope 
really ought to be used to make at least 
a few quantitative countings of minerals 
to establish the relationships. It would 
be still better to carry out' quantitative 
mlneraloglcal separations upon crushed 
samples or rocks, and then make chemical 
analyses of the separated minerals (see 
pages 23 - 25 ). 

Manganese occurs In all rocks In 
small quantities of about the same order. 

With reference to Mg, Ca, Na, and 
K, while most of the volcanoes are also 
quite within the limits established by the 
Slamat, there are still a few striking ex- 
ceptions. Thus the rocks of the Tangkoeban 
Prahoe contain but little Mg, yet they have 
relatively much K, in those of the Galoeng- 
goeng and the Tjerlmal there Is more .Mg and 
relatively little K. The analyses of the 
Merapl products (Central Java) somewhat 
resemble those of the Tangkoeban Prahoe In 
that they have a plentiful supply of K (an 
advantage for the cultivation of tobacco! ). 
On the contrary the olivine basalt of the 
Laraongan which has been Investigated has 
again more Mg and little K. This rock Is 
striking, however, because of Its high con- 
tent of Ca, which Is also the case with a 
number of other basalts (Kloet, Slamat, 
Galoenggoeng, Goentoer) . A couple of Dleng 
rock samples contain relatively little Ca 
but the minimum Is still 4.38^. Young vol- 
canic soils are thus not likely to be defi- 
cient In calcium. 

The sodium content Is the least 
variable; almost all quantities are between 
2i and 4^. There will of course be differ- 
ences between the diverse rocks as to the 
form In which the Na Is combined; as a rule 
most of It will be found In the plaglo- 
clases, but some also occurs In the amphl- 
boles and pyroxenes. However, without 
separate anlysea of the minerals of which 
the rocks are made up It Is not proper to 
go Into this question. As to potassium, j 
which Is so Important for plant growth, | 


some points have already been mentioned. 

It may also be added here that the Galoeng- 
goeng rocks have unusually low quantities 
of K; nor does the Goentoer appear to be 
rich In this element. But in agreement 
with what was stated about calcium, juvenile 
volcanic soils on Java will supply quite 
enough K for most plants and crops. 

In the Slamat rocks titanium reaches 
a maximum. Most of the other volcanoes 
have products with somewhat under 1^. The 
only rocks with significantly lower amounts 
are one sample of andesite of the Papandajan 
and one basalt of the Kloet. In the case 
of the Slamat the phosphorus content Is 
also -high (0.2-0.7^ P2O5); and tolerably 
high in the case of the Merapl (Principal- 
ities, Eastern Central Java), 0.3-0. 4^.® 
Phosphorus Is especially low In the rocks 
of the Goentoer and the Galoenggoeng. It 
Is also low In samples from the Kloet and 
the Merapl (idjen. Eastern Java). It Is a 
pity that the analyses of Smeroe and La- 
mongen rocks do not Include this element. 

It Is evident that the leuclte 
rocks of the Moerlah^° contain, much higher 
amounts of K than any of the other volcanic 
rocks referred to above, But also the P 
content of ‘rocks from this volcano Is much 
higher than that of any of the other rocks 
referred to. The leuclte rocks of the Goen- 
oeng Rlngglt^^ and of the Goenoeng Loeroes, 
lying west from Pamanoekan, are closely re- 
lated In composition to those of the Moeria: 

In connection with what has been 
said above (pages 92 - 93 ) relating to 
weathering, now let us consider a couple 
of analyses by Relber^^ of "strongly weath- 
ered, volcanic rocks of the Slamat." Here 
they are compared with the averages of the 
18 analyses of unweathered, or almost un- 
weathered rocks of the same volcano. This 
comparison Is, of course, not entirely fair 
for It Is only approximate, still it Is 
without any subjective bias to which might 
be ascribed a certain arbitrariness. On 
the contrary. It Is necessary to make a 
comparatively arbitrary choice as to the 
constituent which Is considered to be 
neither leached out nor carried down deepe 
into the soli profile as a result of the 


9 . Compare: G. L. L. Kemmerllng, Valkanol. Meded., ^ (1921), p. 15 . 

10. See; p. 38 . 

11. See; Jaarb. Mljnw. In N. Indie (1952/1955), PP* 8 O- 8 I, 88-89 (1955). 

12. See: Jaarb. Mljnw. N. Indie (1950), Alg. Ged., pp. 258-262. 
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weathering; In this case AI2O3 Is taken for 
this purpose. This Is the basis for the 
following Table ll4; 


5^9 

However, as long as there are no 
analyses of precisely the same rock, both 
unweathered and weathered, which can be 


Table ll4 


ROCK ANALYSES FROM THE SLAMAT, CENTRAL JAVA 


Constituents 

Column 

Unweathered 
Rock, Aver- 
age of 18 
Analyses, 
Nos. 47 - 6 ^ 

(a) 

"STRONGLY WEATHERED" Volcanic Rock 

No. 46 

No. 44 

Analysis 
by Relber 

(t) 

Recalculation 
of (b) on 
AI 2 O 3 of (a) 

(c) 

(c) in 
^ of 
(a) 

(d) 

Analysis 
by Relber 

(e) 

Recalculation 
of (e) on 
AI 2 O 3 of (a) 

(f) 

(f) In 

^ of 
(a) 

(g) 



i 

$ 



* 

It 

SIO 2 

52-76 

44.82 

35-76 

70 

34.24 

22 . 1*6 

43 

A1^3 

18.17 

22.76 

18.17 

100 

27.72 

18.17 

100 

• 

3.66 

7.71 

6.15 

168 

10.65 

6.98 

191 

Total Fe, as Fe^Oa 

(9.50) 

(11.22) 

(8.95) 

(96) 

(15.52) 

(8.86) 

(95) 

FeO 

5.08 

3.16 

2.52 

50 

2.58 

1.69 

33 

MkO 

4.21 

li.Olt 

3.22 

76 

5.1*5 

2.26 

53 

CaO 

8.11 

5.30 

4.23 

52 

2.58 ■ 

1.69 

21 

NagO 

3.40 

2.65 

2.10 

62 

0.76 

0.30 

15 

K^O 

1.51 

0.67 

0.55 

35 

0.28 

0.18 

12 

HgO + 

0.75 

5.13 

4.09 

545 

8.10 

5.51 

708 

H^O - 

0.49 

1.34 

1.07 

218 

7.02 

4.60 

940 

TIO 2 

1.68 

1.97 

1.57 

93 

2.1*7 

1.62 

96 

^ 2 ^ 5 

0.36 

0.67 

0.53 

147 

0.12 

0.08 

22 

MnO 

0.13 

0.13 

0.12 

92 

0.19 

0.125 

96 


100.31 

100.35 

80.06 

80 

100.16 

65.66 

66 


It Is evident that rock 44 has been 
weathered more than rock 46, and that In 
complete agreement with earlier results and 
conclusions drawn from them, both analyses 
demonstrate: 

1. That Al, T1 and Mn, as well as Iron, 
remain; while FeO goes over Into 
Pe203; 

2. That K, Na and Ca are washed out the 

the most rapidly, and ' 

3. That 31 and Mg follow somewhat more 
slowly; 

4. That we have a case of normal, con- 
tinuous, aubaerlal leaching out. 


placed side by side. It Is difficult to make 
out just how this weathering goes on and how 
far it has gone and can go. 

To round out the analyses of volcanic 
ash of Java already referred to In Part I of 
this book, a few additional ones have been 
found In the literature, namely one of Raoen 
ash^^ and four samples of Kloet ash.^'* These 
have been Included In Table 113, page 36O; 
as have also a couple of analyses of tuffs 
which had been developed from somewhat older 
ash. The one Is a tuff from the Goenoeng 
Bangak, one of the small volcanoes belonging 
to the Lawoe group, also recorded by Verbeek 
and Pennema,^^ and determined as "a very 


^ 5 . A. H. Brouwer, De Raoeng en zljn jongste eruptle, Nat. Te. Ned. -Indie, 75 , (1913), P- See also: 

A. J, Ult6©, Meded Besoeklech Proof atat.. No. 7 . (1915), PP* 11-15* 

1 • Ch. E. Stehn, Kieloet., 4th Paolf. Sc. Congr. Bull., I, (1929), P- 22. 
b. Verbeek and Fennema, Geol. Beachr. Java en Mad., I (I 896 ), p. 247. 
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much weathered, light gray rook,” a horn- 
blende andesite. The tuff (lying under- 
neath black earth) la not gray, but almost 
white. At my request V. van Tongeren has 
gladly made the analysis of that sample 
which la recorded here. The Jther analy- 
sis, l..e. of the Bantam tuff which I car- 
ried out In 1913 Is only partial,^® but In 
spite of Its Incompletereas, shows how 
necessary it Is to be able to have avail- 
able more analyses of tuff which have con- 
tributed extensively to soil formation. 

The following particulars may be 
noted about these data: The Raoen ash 
appears to be extremely rich In Iron and 
at the same time poor In alkalies and Al. . 
It consists almost exclusively of a vol- 
canic glass which Is very dark in color, 
in fact almost black because of the high 
Fe content. If this magma had had the time 
to crystallize slowly, the minerals magne- 
tite, olivine and augite, now already 
visible under the microscope might possibly 
have far outweighed the plagloclase. 

Though It was not observed by Brouwer^ ^ 
presumably hypersthene would also be ex- 
pected to be present. Thus In each case 
the ash must certainly be called basic. 

That In the analysis T1 and particularly P 
were not separately determined la Indeed a 
very unfortunate omission. 

Of the four samples of ash from 
the Kloet the two first mentioned were col- 
lected close to the crater, the second two 
at a great distance. Vfhlle the Influence 
of distance upon the composition Is but 
small, yet It Is still noticeable. The 
ash from close by has more Fe, Mg, and Ca, 
thus presumably somewhat more heavy, dark 
minerals. The ash samples from farther 
away contain more 31 and alkalies, thus 
presumably somewhat more glass. 

The tuff from the Goenoeng Bangak 
stlkes one because of an especially low 
c6ntent of Mg and Fe. The dark colored bl- 
slllcates can thus be present only In small 
amounts and the glass Is practically colbr- 
♦less. The tuff thus appears as an .acid 
tuff# However It is hot add, for the SiOa 


content Is but^56.^95^ And even oaloulated 
on the. wateh free basis It amounts to 
only 60 ^. This justifies at most the 
designation "intermediate." Since the 
Iron, both FeO and Fe 203 , Is present al- 
most entirely as the mlnerds magnetite, 
llmenlte, and pyrite; and there Is some 
Iron as brown Iron ore. So It would be 
plaCslble that upon weathering through 
aubaerlal leaching this type of tuff would 
not give rise to a dark brown or dark red 
soil, but rather a pale brown or pale red 
I soil. With alternating wet -and dry weath- 
ering It would give black earth, yet close 
to It, from tuff with many blslllcates or 
much dark glass, a dark brown or dark red 
soil rich In. colloWal Iron oxide would 
develop. 

At least In so far as It has 
been analyzed, the Bantam tuff differs 
from all the rest of the rocks of Java be- 
cause of a notably high content of Na, to- 
gether with especially little Ca. It 
could hardly be the case that this is the 
result of weathering, of leaching out. For 
It Is Impossible that only the Ca should 
be diminished In this way while the Na 
Increased. Moreover the* K content Is 
relatively high. The analysis wants veri- 
fication and a more detailed one Is needed. 
But with respect to the Bantam tuff, which 
Is certainly* In part a marine tuff. It is 
necessary to have for comparison the an- 
alysis of other marine tuffs. In the 
literature^® there are to be found almost 
no analyses of marine tuffs, and certainly 
none from the Netherlands Indies. Such 
analyses would, however, be of great im- 
portance In answering the question as to 
how the volcanic minerals and the volcanic 
glass from ash and mud flow (lahar) ma- 
terial have been altered In sea water. 
Petrographlcally considerable attention 
has been given to this question, for on 
the basis of microscopic observations -we 
have the terms ohorltlzatlon, serpentlnlza- 
tlon, and formation of glauconite. But 
chemically all these alterations under the 
Influence of sea water have as yet bean hut 


16. See: Meded. Alg. Proefst. v/d Landb., p. yin-IX, 

17 . Brower, 1. c ., p. 9*^. 

Id. See for ezanple: F. W. Clerks, Analyses of rocks and odnerale, U. S. Geol. Siirv. Bull. 4l9« > 

The data Of OaocheBlstz^, U. S. Oeol. Surv. Bull. 699* F. Behrend and G. Berg, Chemlscbe Qeologle 
(Stuttgart, 1927). chapter’, ’’Submarine Oestelnszersatzung, ” (pp. 389r*598) shows how little re- 
search has been done in this field. 
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I Auptehyperatae andeaite- 


Gp Maaipt Pyroxene andeaite — 

Soutbern edpe o( crater Augite liyiieratbene andeaite containing olivine - 
South below tbe orate wall " " " " " — 

GegerHalanj — 

Goeba Waled " " " " " — 

Olivine baaall 


Dieng-Mountaina Gg, Feterangan 
G, Pangonan 

" Gg.Kendil Summit 

" Naald'.PaMjo 

“ G.Srodjo 

" Pagerkandani! 

" TefagaMendjer 

lerapiiOenUava LavB;13|12f3l) 

" Oo8tdora(318§) 

Weatdom(3181) 

" Lava 1835 (3188) 

“ Lava 1831 (3183) 

" G, Plawangan 1835 

" Lava 1834, gully lietween 

; lava's 1830 and 1831 
Triaingapoe, old lava 
Liwoe-Mountaina G. Bangik 

Kloft Oadjaliengkoer 

G.Soembing 

LabarBadaknearfrate,1818 

idem 

Soember Aain 1818 
Kediri, 1818 

Penanggoeiian S, 1300 m elevation 

“ SW Im elevation 

E 1230 m elevation 
'feiigger-Mountains Kali Beai 
Sineroe DjonggriiigSeloko 

Lammgan Ginjerl888 

Esoen Wall o( tlie Caldera 


Augite byperatbeiie andeaite with bornblende - 
Augitebyperitbeiie andeaite — 


Augite andeaite with byperatbene 

Basalt 

Vitrified augite byperatbene andeaite, containing bornblende 


Labradoritio bytown basalt — — " ' 

Augite byperatbene andesite — ■ ' 

Augiticandeaite-vitrified, containing olivine - 

Pale tuff 


Basalt 

Arid basalt 

Andeaite 

Olivine basalt 

liyiieratbene andesite - 
Olivine basalt 


Med.Alg,Pr,Sl, Lli,18p:L\i'iill(l!l3,3)' 
Bull, Di'iit, Agr, liid, Necii, IWIH (lilOT 


Exc. Guide 4tb Par, Sc, Congr, (1328) (STEHN) (NEUMANN) 


I Brief; HooldvIdD.v/dMijnb, 1(11 f;i 


Exc, Guide 41b Pac, Sc, Congr. (1328) (NEUMANN v.P.) 
|l!riff;Hooldv|ilI),v/dMijnb,I/llf38 


Here are included only those analyses nl [ 

I' .Slainat samples which have not been in- f 


lb,Miiiiw,N.O,-lndl5S(1830),p,258 262 


Lava Dow, Eastern slope 

I " “ 8outh-8outneastwallo(Merd 
Containing biotite 


“ Briel;Hou(dv|dD,v/dMiinb, 7/llf36 


'|llf36,Ook;Jli.Mijnw,1834/36,p,82-83 


“ I/llf36,Ook!Jb,Mijnw,1834|36,p,82-f 

b,Miinl),N,O,l,58 (1830),p,261- 262 

60 (1831),p,I88, -Vulk,Med,12,p,I6 

6O(1831l,p,t80,-Vulk,Med,12,p,76 

" " “ I882 f33,p,88,-Vulk,Med,12,p,I6 


" " 1834(36, p, 82 


Augib' byperstlieiie andeaite - 


Gang in Wall of the Caldera P 
Lava, eentr, cone 
Bombs 1827 

Bombs 1327 f 


, llOLLEMAN— I ,63 87 14 85 10,62 k72 n.b, 

BLEEKRODE— 11 IjmS 22.70 1120 n.b, 
DJOKOJOEWONO 4044 jM.pfi 19,62 4.58 1 3.61 0.14 


:0 - 0.02 100 09 ; 

8 SOj:0,36 ap 100 28 ' 

1. n,b, sp 100,45 - 

0 SOjiO-lfi ap 100,31 - 

8 0 26 ap 100 33 “ 

8 0 31 ap 100 36 “ 

8 0 21 ap 100 41 - 

6 ill, ill. 98 98!- 


n.b, n.b, 10010 

n,b, n.b, 100,13 

n.b. n.b. 99 33 

n.b. n.b, 98 3(1 

n.b, n.b. 98 78 

n,b, lb, 100 13 


1C, Guide 4th Pac, Sf. Congr, 1929, p, 7 (STEM) 
ielillnolilv/dDienstv/ilMijnli, 7(11/36 
;c. Guide 4tb Pac, be, Congr, 1329 (8TE11N) 


Jl) Mijiiw, N,0,1, 60 (1931), p, 190, -Sec also p, 31 o( this trinalation 


3.84 7 64 1.07 0,68 1 31 n,b, 

2 86 7.91 3.78 1,31 0.91 1 0.59 0.K3 


BpEP, 440 66,35 15 67 12.9i 

NOLDECKR — 411 60.22 19,12 4 63 


n.b. 1.61 5.68 4.05 3 12 n,b. 

n.b. spl!) 5.89 7.60 2 40 n,b. 


WISLICEHUS— 460 54,04 13 90 1 5 41 ib, 3 84 9 82 1 07 0 69 

FlICIIB 480 162 74 17 02 ,1.13 1 2 10 n.li. 0 42 7 59 ,1.33 1 7,1 

WISLICENUB—' 5010 61 20 18 52 2 69 0 85 6 34 6.48 2,96 


11,1), n.li, n.b, n.li. n.b. 101 38(1 


n,b, n,b. 100 08! 
.SO;i:0,58 100 761 


jLeid.GeulMedod, VII (1935), p, 333 


Blt()UWER-Nat,Tsfbr,N,'lndid73, p, 06 (1314) 

BROUWER Nat, Wr, N.-liidie 73, p, 95(1814), en-idem 28, p, 154 (1865) 
Briel;Hoofdv(dI),v/dMiinb.7(ll(',16 


8TUEHR-Abh„W.Nat,[,Gos,I.V,p,l- 


DJOKOJOEWONO 805 58,48 6,71 1.19 5 50 0.22 2 90 2 78 6.11 0 19 3,49 0.53 , 0 64 


Lab, Keramlii Buxall 

Zijtak K. Diierwan Leudtic basalt - 

K.Selipo " 

K.G.TamboebiX'kir " "~ 


1(8 47 69 12 14 6 81 1 85 0 16 

■ 4/7 Hl.fil 12.67 5.46 2,70 0.12 

• .3/- 1 50.84 20.63 4.07 1.48 0 16 

' 2/ 47 16 18.18 5.31 3.67 0,28 

-/6 47,41 12.23 4,98 ,1.10 0.16 

-/5 46.97 14.83 3.60 2,82 0 13 

(-4 46,12 12.57 6,76 3 33 0 16 


16 1.24 5.17 1.85 6 62 

28 2.70 9.47 4.24 1.32 

16 7 44 12.27 2.13 5.92 
13 6.88 13 07 1.12 6.98 

15 8.51 12 36 2 16 5.83 


62 6.19 2.37 0.54 0.29 n.b. 


1,70 0 99 0 90 0 ft) n,b, 


100 26 'Bteigly divergent (ram the rest, ai 
100,46 ALO,i,MgO,Ca(),K/J,NBj(),H 
100 91 " 

100,04 

100,22 

1.29— 


VAN BEMMELEN-DeIng,inN,Ll937,IV,p,134 
|jb,Mijnw,N,(),I.1933(34,p,88. Miining,14(l933),p.l98 


DeMijningen,14 (1933),p,198 


n,b,=not determined 
8p,^trace 
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vary Inadequately investigated. Since on 
Java many marine tuffs as veil as land 
tuffs from the same volcanoes are the par- 
ent material of a oils ^ there is ample jus- 
tification for giving at least a little 
attention to the geochemical processes in- 
volved. . A priori a difference la Indeed to 
he expected between the soil types devel- 
oped on these different tuffs. As to how 
great those differences will really prove 
to he and in which directions they will 
lie, there is at the present time not a hit 
of experimental data. The fact that the 
beginning of weathering- took place under 
the sea, not only in a salt solution, hut 
In one with a pH of about 8.4, should, on 
the basis of what has already^een dis- 
cussed on pages 526-^28, certainly have had 
an Important effect upon the course of the 
weathering, in that from the beginning 
there is a tendency to form cl.ay minerals 
with a high absorptive power. It is ob- 
vious that although it might be very dif- 
ficult to detect any difference with the 
naked eye, such a difference as here Indi- 
cated should make a big difference in the 
final result. Moreover, it is obvious 
that marine tuffs should and do possess the 
constituents Fe, Mg, Ca, Na, and K in other 
mutual relationships than do the correspond- 
ing terrestrial tuffs; consequently this 
must load to practical differences. On 
account of this we must give more atten- 
tion to the differences between marine and 
land tuffs than has been the case hereto- 
fore.^® 

A number of sedimentary rooks are 
associated with the tuffs on Java. They 
are combined with the tuffs in such a way 
that, in a certain sense, they form a con- 
tinuous series. This is in agreement with 
what was described and illustrated by sch- 
matlc figures 3 and 4, pages 11, 12. 

For the greater part the sedi- 
mentary rocks of Java are of Middle Terti- 
ary age or younger. Thus from a time, 
geologically speaking, during which some- 
where or other there was continuous vol- 
canic activity on Java. This activity 
scattered ash and coarser ejecta over the 
land, and, also in the sea surrounding the 
volcanoes. For this reason practically 
all the sediments which have now been 


changed to solid rocks possess more or less 
volcanic material. In some this is so pre- 
dominant that without any question they can 
be called tuffs, although such rooks also 
contain considerable calcium in the form 
of Foraminlfera. But there are also rocks, 
particularly in the north of Bast-Central 
Java, which do not have any calcium com- 
bined with the volcanic constituents but 
instead contain sand from older rocks, . 
which possibly were granites and perhaps 
also schists. 

In the table of analyses there is 
one analysis of a Miocene shale slightly 
altered by contact metamoirphism. As to 
the urgent need of more analyses of lime- 
stones, marls, clays tones, sandstones, ma- 
rine tuffs, etc., we need not here enlarge 
upon the question. However in closing we 
may add that the justly great Interest in 
the so-called ’’trace elements,” or minor 
elements, has so greatly Increased in re- 
cent years that in the future we will 
scarcely be able to leave them out of our 
Investigations. 


The Climate of Java and Madoera 

With reference to the climate of 
Java and Madoera in general, there is but 
little to be added to what has already been 
stated in pages 41-70. 

In comparison with Borneo and Suma- 
tra, the area of Java is much smaller, 
nevertheless Java shows greater climatic 
differences than do the two other Islands. 
Even within the limits of a single district 
we find so much variation that of the 6 
colors on the map (Fig. 6), for example, 
at least three fall within each district, 
and in the two most easterly districts, 
there are all six colors in each district. 

It is especially because of the 
East and West monsoons which on Java are 
both equally strongly marked that there are 
such great variations in the climate. But 
at the same time the orographic nature of 
the Island, with its numerous volcanoes in 
almost every district, in part standing iso- 
lated in plains at about sea level, which 
rise up to elevations of 2,000 and to even 
higher than 3,000 m., which have such great 


19 . In this oonnsotlon ocaapara what is said in Blanok^a ”Handbuch der Bodenlehra" under the heading 
’’Balagrrolyaa"; for axampla. In II, p. 159 • 
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dlfferencea In climate on their windward 
and lee aides. On all the maps relating 
to the rainfall. Including the map In this 
book mentioned above, these dlfferencea 
can be seen at a glance. 

It la obvious that here only those 
characteristics of the climate of particu- 
lar Importance for the soil demand, atten- 
tion and, seeing that nothing more Is to 
be added to the general data of Part I 
relating to the temperature, we here need 
to consider only questions of moisture. 

A couple of attempts in this di- 
rection follow: With the eye upon the 
questions of runoff, for a number of 
places the annual and monthly figures of 
the rainfall have been divided by the num- 
ber of rainy days. In this way the follow- 
ing majclma and minima for a single rainy 
day (see Table ll6 below) have been ob- 
tained. 

If these data are graphed with the 
rainy days as the abclssa and the rainfall 
as the ordinate, then the points by no 
means lie along a single line, but enclose 
a large area In which all other points In- 
dicating observations may be plotted. In 
that field can be drawn lines out from the 
zero point for the average rainfall per 
day, and the whole field mentioned above 
remains within the lines 9 and 40. Par- 
ticular regions or districts will be noted 
as smaller groups of points within the 
larger. Such for example, are the high 
plains surrounded by higher mountains, the 
points of which all lie below the line 15 • 
These localities are the Idjen plateau, the | 


plateau of Bandoeng, and the plateau of 
Pengalengan. Further, all places along the 
coast which are exposed to the direct force 
of the West Monsoon lie above the line of 
50 mm. per day; for example, Laboean and 
Tjlletoe and also North Djapara. The 
mountain slopes facing outward toward the 
sea between 200 and 1,000 m. elevation all 
have a heavy rainfall, but their dally 
precipitation generally lies between 20 and 
55 mm. 

The conclusion Is thus obvious, -- 
the high plains. In themselves already 
flatter than the slopes, have less runoff 
than the outer slopes, while the Inner 
slopes occupy an Intermediate position. 

Very roughly we thus again come to the con- 
clusion that the best lands for the culti- 
vated crops must be found In the high 
plains; next best should be the Inner slopes 
of the mountains, and least desirable the 
outer, exposed slopes. 

Regions where the average rainfall 
per rainy day does not rise above 10, or 
at most not above 15 mm., may yet now and 
then have very heavy showers, but as a 
whole not so heavy that heavy spates 
rush down the rivers. For example, see 
Table 117, pag© 565* 

Now If we compare with those fig- 
ures how many times the average daily 
maxima of more than 400 mm. occurs on the 
outer slopes: then it Is clear why the 
sudden, heavy spates or floods occur espe- 
cially in the coastal regions (see Table 
ll8, page 565). Seeing that for the places 
given In the last mentioned table the 


Table II 6 


No. and 

District 

Place 

Number of 
years of 
observa- 
tions 

Average 

annual 

rainfall 

Average 
number 
of rainy 
days per 
year 

Average 
rainfall 
per rainy 
day 





mm. 


mm. 

BJnis. 

25 

Tendjo 

15 

6897 

219.7 

31.4 

Pr. 

72 

Panggeranggo 

17 

3296 

284.2 

11.6 

Btm. 

6 

Laboean 

12 

4102 

103.6 

39.6 

Bskl. 

130 

Asenibagoes 

3^ 

909 

73.3 

12.4 

Bskl. 

42a 

Tdg. Pat Jinan (Pandjl) 

9 

1119 

48.4 

24.7 

Pr. 

63 

Bandoeng (Blind. Inst.) 

12 

1778 

195-9 

9.1 


20. These figures have been taken from: Verh. 24 v/h Kbn. Magn. Meteor. Obs. Batavia (l95l)« 












JAy;\--RAIHFALL IMTEN3TTY AND DOBATTnw 


563 


Table II7 


District 

and 

number 

Place 

Number of 
years of 

observa- 

tions 

Average 
rainfall 
per day 

Average 
dally 
maximum 
during the 
years 

Absolute 

maYlTtiiini 

for a 
day 

Pr. 68 

Pr. 11(6 

Pr. 151 

Pr. 152 

Pr. 180 

Tljlpanas 

TJlboeroel 

Batoedjadjar 

Tjlmahl 

Malabar 

16 

23 

16 

31 

31 

mm. 

14.4 

11.9 

11.6 

10.7 

12.6 

mm. 

82 

68 

69 

69 

73 

mm. 

95 

104 

86 

104 

93 


Table II8 


District 

and 

number 


Place 


Number of 
years of 
observa- 
tions 


Average 
rainfall 
per day 


Average 

dally 

during the 


years 


Btm. 

4 

Padarlntjang 

Btra. 

6 

Laboean 

Pr. 

19 

TJlemas (BodJ. Genteng) 

Pr. 

116 

TJlblntaro 

Pr. 

239 

TJlmangkak 

Pr. 

251 

TJlkentreng 

Ch. 

50 

Sadareke 

Pek. 

120 

Batang 

Pek. 

124 

Doro 

Pek. 

125 

hebokbarang 

Pek. 

129 

Tombo (irr.) 

Pek. 

134 

Soebah 

Pek. 

139 

Pagllaran 

Bms. 

44 

Adlpala 

Smg. 

5 

Beeokor 

Smg. 

152 

Petjangafo 

Smg. 

159 

Bae (Tjendana) 

Ked. 

142 

Kadamangan 

Pas . 

130 

Soember TJoeleng 

Pas. 

167 

Soomber Rowo 

Bak. 

7 

Boodoean 


33 

12 

17 

14 
26 

13 

39 

24 

33 

33 

15 

24 

33 

14 

31 

24 

36 

20 

14 

32 

24 


26.2 

39.6 

31.1 
25.4 

27.3 

23.4 

26.1 

30.2 

22.6 

28.7 

29.8 

18.3 

25.8 


182 
2401 
201 
2251 
197 
2291 
200 
2211 
163 

183 
207 
146 

173 


20.5 

18.5 
20.9 

21.3 

23.3 

20.5 
26.8 

17.6 


199 

157 

158 
130 
173 
206 
215 

l 4 l 


Absolute 

TlMT-^TmTI Tl 

for a 
day 


mm. 

460 

360 

400+ 

561 

421 

425 

355 

379 

495 

406 

450 

405 

431 

650 

5111 

420 

6001 

564: 

4201 

4oo+ 

400+ 


average rainfall per day is hardly ever 
less than 20 mm.. In all cases vhere that 
f'lgure Is 20 or higher one should he In- 
ollned to pay special attention to erosion 
and floods. But more than that one cannot 
say, because other factors, such as the 
nature of the rainfall (duration of the 


heavy showers in hours and minutes), as 
well as the slope of the land and the condi- 
tion of its vegetative cover, the nature of 
the surface of the soil and its pervious- 
ness, etc., have such a marked effect upon 
the rate of the runoff. 

In view of all thl3--just as a tax 
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assessor who Is endeavoring to arrive at 
a reasonable tax cannot escape handling 
each assessment separately— similarly there 
Is no other way to get definite results but 
by observing the rainfall shower by shower, 
and to study where that rain water goes. 

One cannot arrive at any definite result 
with "average figures" alone . 

Of much significance In this con- 
nection are the transpiration through grow- 
ing plants and the forms of vegetation. 

In this field an Important contribution has 
been made by Coster. Since he has dealt 
fully with this question we need not here 
enlarge upon It further. 

Regarding the duration of sunshine, 
relative humidity of the air, wind, and 
the Influence of these climatic factors 
upon the temperature and the moisture con- 
tent of the soil at different depths, the 
available data are still too Inadequate to 
here do more than to add a little something 
for Java In particular. 




An endeavor was made to obtain a 
provisional rough Insight Into the water 
relationships . This was done on the basis 
of the rainfall and the discharge of the 
rivers. There are several rivers, of 
which the discharges have been measured 
over a number of years. But these are 
relatively small mountain rivers which are 
used for the generation of power. Among 
these only a single one, the Tjltaroem, Is 
of a considerably larger size. There Is 
the further unfortunate fact that while 
the plains below swarm with stations for 
measuring rainfall, up above In the moun- 
tains there are but very few stations. 

The estimations of the rainfall, for one 
(;annot consider them more exact than that. 
In the drainage basins above the gaging 
stations for measuring river discharge are 
consequently far from accurate. 

Of the very large rivers, such as 
the Solo, the Brantas, the Tjltaroem, and 


the Tjlmanoek, there Is not to be found 
In the literature a single statement re- 
garding the amounts of water they^ discharge 
Into the sea. Moreover, In their central 
and lower courses all these rivers are 
tapped again, and again for Irrigation, 
which by no means simplifies the questions 
of the water relationships. Yet It appears 
that with some additional discharge figures 
from the lowland, which are still to be 
obtained, let us see what now follows for 
the mountain rivers. 

The Department of Commerce, Build- 
ings and Roads Issues annually^^ a report 
of the data on water observations. These 
Include the height above the sea (h), the 
drainage basin area (s) In km.^, the ob- 
served dally discharge In cubic meters per 
second (m.^/sec.) and rainfall averages 
over a number of years. From the stated 
average monthly discharges a rough average 
discharge In m.^/sec. can be calculated, 
and this multiplied by 36 OO x 24 x 366 
•gives the annual discharge (a). The raln- 
fall^^ from the area S gives the total 
quantity of rain water fallen (R); and 
there Is expressed In what part A Is of 
R. It may be accepted that In general R-A 
Is the total evaporation, l.e., the loss 
from the soil plus the rain water evapo- 
rated directly from the vegetation, and 
transplratlop through the vegetation. The 
data In Table 119, page 363 , were treated 
In this way. The classification was made 
according to the relationship 100 a/R. 

The notable thing about this Table 
119 Is that no matter how rough the 
basic data may have been as a point of de- 
parture, the following points are clearly 
evident : 

1. Prom 2/3 to 1/3 of the rain, but 
neither more nor less, leaves the 
land via the river; obviously steep 
slopes Increase the amount, while 
large plains diminish It. 

2. Although the total annual rainfall 
varies between 2.3 and 3*5 m., the 
evaporation varies, taken by and 
large, between 1 and 2 m. These 


21. Ch. Coster, De verdamplng van vercchlllondo vegetatievormen op Java., Tectona ^0 (1957), PP- 

22, Statlstlek v. waterwaarn. (l^ydrometrle), Versl. en Moded. v/h Water-kadaeter No. I 8 (1936) and ear- 
lier years. 

25 . Since these differ considerably from year to year, the years 1929 and 1950 have been taken, these are 
the last for which the rainfall observations of the Royal Magnetic and Meteorological Observatory 
have been published. 
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Table 119 



Eleva- 

tion 

Drain- 

age 

basin 

area 

Rain- 

fall 

per 

year 

Average 
discharge 
m.^ /second 

A In ^ 
of R 

V = R-A 

Particulars about the drainage basin 


m. 

km.® 

mm. 



I mm. 


TJlanten II-KratJak. 

270 

L43 

53‘to 

15.85 

65.4 

1861 

1. Forested mountainous land, with 
some cultivated land. 

II M 

270 

143 

5392 

15-57 

63.6 

1963 

2. Forested mountainous land, with 
some cultivated land. 

Bogowonto 

360 

94 

5895 

7.54 

63.2 

1457 

3. Paddles and a little light vege- 
tation. 

K. Baroe-Banjoewangl 

308 

136 

2882 

7.81 

62.8 

1072 

4. Heavy forest, coffee and rubber, 
paddles . 

TJllakl 

640 

163 

2561 

8.24 

62.2 

968 

5. Forested mountains and tea gardens. 

K. Kbnto I 

892 

110 

2132 

3.62 

48.7 

1094 

6. Forested mountains. 

" I 

892 

110 

1850 

3.66 

56.6 

803 

Y II II 

" II 

575 

235 

1937 

8.36 

57.8 

817 

8. Forested mountains and light vege- 
tation and some paddles. 

TJltJatl 

231 

485 

3ll*2 

26.3 

54.2 

1459 

9. Forested mountains and many paddles. 

TJlsadano 

375 ; 

129 

4470 

9.84 

53.7 

2070 

10. Light vegetation on west slope of 

Mt, Gedeh; many paddles. 

It 

373 

129 

4430 

9.25 

51.0 

2170 

11. Light vegetation on west slope of 

Mt. Gedeh; many paddles. 

K. Sera Joe 

1035 

58 

3605 

5.53 

53.2 

1687 

12. Little forest, little vegetation 
on mountainous land. 

TJltaroem 

132 

4150 

2630 

150.4 

43.4 

1483 

13. Forested mountain land and the 
plain of Bandoeng. 


132 

4150 

2638 

150.1 

43.2 

1498 

l4. Forested mountain land and the 
plain of Bandoeng. 

TJldano 

82 

201 

3340 

9.70 

45.5 

1820 

15. Danao swamp and forested slopes. 

11 

82 

201 

3283 

8.54 

4o.8 

1945 

11 M 11 11 11 

K. Toentang 

459 

282 

2501 ■ 

10.7 

42.8 

1450 

17. Light vegetation and Pening swamp. 
Paddles. 

Tjlpelas 

282 

310 

2825 

11.8 

42.4 

1627 

18. Forested mountain land and tea 
gardens. Many paddles. 

Tjlmanoek 

585 

751 

2892 

25.0 

36.4 

l84o 

19. Forested slopes, plain of Goroet, 
paddles, fish ponds. 

TJlBangkoei 

1040 

104 

2825 

5.25 

3J^-5 

1847 

20. Forested mountain lands, Cinchona 
plantation. 


figures fall quite within the limits 
obtained by an entirely different 
method (Tables 31, 32 ff . pages 52, 5^.) 

With the scarcity of basic data 
it does not appear practicable to try to 
give the figures for evaporation, which 
would Include the rain which evaporates 


from the soil, the' water which the plants 
lose by transpiration, and the water which 
evaporates from the paddles. However, 

If but first an adequate number of de- 
tailed studies are available, we need not 
doubt but that It will some day be possible. 


Not to be forgotten la the water which alnks down so deeply into the earth that It pasees outside of 
the drainage basin (at least beyond the stream gaging station), so that in the above calculation this 
water Is Included In the evaporation. 
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Ways In Which Weathering Takes Place 
and Result tnp^ Soli Types on Java 

If the general conalderatlona 
worked out in Part I of this book and 
shown on the colored map, Pig. 6, are 
correct, then definite weathering forms 
and soil types occurring In the tracts 
colored yellowish-green, orange, and red 
on this map must be lacking In the regions 
colored blue and vice versa. 

Thus, for example, we find the 
typical black-earth clay, with or without 
a horizon of lime concretions, In Soera- 
karta, Semarang, Rembang, Madloen, Kedlrl, 
Soerabaja and Pasoeroean. But west of 
the line through Semarang and Jogja-karta 
this black earth occurs almost only along 
the north coast. In the green or orange 
areas of the map, In localities such as 
Kendal, Tegal, and Indrama joe where the 
parent material Is particularly suited for 
the formation of this soil type. Nor are 
lime concretions found In other than the 
black earths in the soils of the blue re- 
gions, nor has gypsum crystallized out In 
these soils. These soils are thus differ- 
ent from those which have been weathered 
from limestone and marls, lying between 
Semarang and Soerabaja, thus In green and 
orange areas, and in which gypsum Is often 
found. 

On the contrary we do find marls 
weathered to red and yellowish flecked 
lixivium (Bultenzorg, Taslkmalaja, Band- 
jarnegara), but not on the marls In the 
green and orange areas. The few places 
where peat has formed^^ on Java are also 
all limited to the blue areas. 

The colored map. Fig. 6, not only 
Indicates whether we may expect a certain 
soil type In a certain locality or not. 

But also with reference to generally wide- 
ly distributed soil, types, from the map 
we can also roughly estimate the propor- 
tions of the different types. For example 


brown to red lixivium soils In the senile 
stage, which Is the stage wherein weather- 
able minerals are no longer present, are 
much more Intensively leached out If they 
are lying In the raln-rlch, blue areas of 
the map, than If they fall within the 
rain-poor, orange areas . 

Along with the more or less strong 
leaching of the soil Is connected the 
greater or less depression of the pH. In 
general soils lying In the blue areas of 
the map will have lower pH values. Con- 
versely the sugar soils of Java, occurring 
mainly In the green and orange areas of the 
map must thus also have on the average 
higher pH numbers. This was clearly shown 
by data presented by Arrhenius^® In tables 
and maps. From these It appears that In 
the eastern tip of the Island, where most 
of the sugar soils come within the orange 
and even red areas of the map, the pH Ilea 
between 6 and 9, averaging '[l» In Djom- 
bang, Kedlrl and Madloen (orange and green) 
the reactions average 7.2; In the Princi- 
palities of Eastern and Central Java (pre- 
dominantly green) 7.0; in Banjoemas (green, 
blue) they average 6.7. With a lower pH 
sugar cane cultivation does not generally 
succeed, for acid soils give too low a 
yield of sugar. 

Tea is just the opposite; this 
crop prefers pH figures between 4 and 6. 
Corresponding with this It will be noted 
that in general the tea soils all fall 
within the blue areas of the map. Cinchona 
(quinine) prefers a somewhat higher pH, 
between 4.3 and 6.3, with an optimum at 
about 3.6.^® This crop also grows exclu- 
sively within the blue areas of the map. 

Horticultural extension agent Terra 
told me that the distribution of most of the 
fruit trees Is also closely correlated 
with the frequently referred to climatic 
map.^^ For example varieties of fruit 
trees which prefer regions within the blue 
areas, do badly or as a whole do not 


25 . See: E. Polak, Uebor Torf und Moor in Nlederl. Indlen., Verb. K. Ak. v. Wet., Afd. Natuurk. 2o Sectlo. 

XXX (1955), No. 2. 

26 . 0. Arrhenius, Een orlenteerend onderzoek over den zuurgraad van de aulkerrletgrondon op Java, Meded. 
Proefst. Java Sulker Industrie (I 927 ), No. 6 , Arch. S. Ind. Ned. -India (1927), pp. 207-228. 

27 . Cf.: P. M. H. H. Prlllvltz, Invl. v/d baeontoeet. v/d grond o/d ontwlkk. v/d theeplant, Arch, 
theecult., VI, 2 / 5 , pp. 1 and 2. 

28. M. Kerbosch and P. Pzn. C. Spruit, Beoord. klnagronden, enz.. Cinchona, VI (1929), p. 73* 

29 . This has been definitely stated In: G. J. A. Terra, Verel. 15e Bljeenk. der Ver. Proefst. Pers., 

(Oct., 1955), pp. 117-141. 
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succeed at all within the orange and 
green areas, and vice versa. In conclu- 
sion, I recall the communication of C. A. 
Backer, the botanist. In which he stated 
that a map of the climate such as the one 
here referred to had In numberless cases 
Indicated the reasons for the distribution 
of the native plants growing In Java. 

It should be mentioned here that 
this correlation between plant growth and 
climate Is certainly sometimes direct, 
although In many cases It Is still quite 
as certainly Indirect In this sense, that 
the climate to a great extent has deter- 
mined the character of the soli, and the 
soil determines the plant growth. With 
tea and cinchona pH determinations clearly 
illustrate the latter, and we may well ac- 
cept that for a number of other plants 
similar conditions hold good. But the fact 
In this discussion which Is to us of most 
Importance Is that there Is the close cor- 
relation between climate and soil , so that 
from a map of the climate, as mentioned 
above, one who realizes the relationships 
can tell a great deal as to the character- 
istics of the soils. 

In comparison with the other 
Islands, Java has much more Important dif- 
ferences In climate. In climate West Java 
is more like Sumatra, while East Java more 
closely resembles the Smaller Soenda 
Islands. Moreover Java has both mountain 
soils and lowlands. For these reasons 
alone, there m'ust thus be quite a good 
many different ways In which weathering 
takes place, for example, from the one 
pr(?dominant parent material, andesite, 
plus tuffs, plus ash, there has arisen a 
rich diversity of soil types. If we were 
to differentiate the terrestrial tuffs from 
the marine tuffs, the gradations from tuff 
to marl, the series from tuff to limestone, 
etc., and then If in addition we split up 
the andesite Into hornblende andesites, 
augite andesites, basalts, etc., then it 
la better that In these general considera- 
tions we do not attempt to do all of this 
for Java as a whole. Such details belong 
rather In the later consideration of the 
different regions of Java which will be 
discussed in succession from the west 
toward the east; and further details of 
certain of these regions will also be dis- 
cussed from north to south. 

With reference to soil research on 


Java In general, and regional soil research 
and soil mapping of particular localities, 
It may here be recorded that Jogjakarta 
and Soerakarta have been completely mapped 
by the Soil Science Institute at Bultenzorg 
on a scale of 1:100,000 but even yet (1938) 
this survey has not been published. This 
Institute has subsequently undertaken the 
study of a couple of other areas In Java, 
but except for a portion of North Bantam, 

I could not obtain any Information as to 
the results of those studies. In the lit- 
erature there do exist various older soil 
surveys and maps of parts of Java; these 
will be considered In the discussion of 
the respective districts. 

There are also a number of other 
sorts of maps which are of value In connec- 
tion with the soil of Java and Madoera. 

Such are Irrigation maps, forest maps, and 
maps relating to the distribution and the 
yield of the different crops. They all 
help one to make deductions relating to 
the soil, but give no direct primary ob- 
servations with respect to the soli Itself. 


★ # # « * 


WEST JAVA 

By West Java we mean that part of 
Java lying to the west of the north and 
south line connecting Cherlbon, Koenlngen, 
Bandjar, and Parlgl. While this boundary 
does not Include quite the same limits as 
the administrative district of the same 
name. It Is more practical for the purposes 
of this book. Subsequently we will also 
subdivide the rest of Java Independently 
from the administrative subdivisions, 
drawing lines to Indicate distinct soli 
and climatic differences. 

For these separate portions of 
Java It seems desirable to depart from 
the method of treatment of the subject 
previously used. Therefore we will not 
divide the regional discussions Into sepa- 
rate sections dealing with the parent 
rocks, the climate, etc., as we have done 
previously for the other Islands. Moreover 
( from that point of view we have already con- 
sldered Java and Madoera as a whole, under 
those topics in the three preceding general 
sections . 
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Sumatra. If the physical condition of the 
soli Is good and rainfall Is continuously 
Let us begin by considering abundant, Hevea requires but small quant 1- 

varlous points regarding that part of Ban- ties of plant nutrients from the soil, 
tarn which lies west of a line running Danau mountain which has just been 

northeast and southwest through Pandeglang. mentioned Is. an extensive but low volcanic 
If we draw a second line, running east and ruin. It Is doubtful whether It ever had 
west from Rangkas, through Menes to Laboean, a high summit. The crater floor Is at 
then to the north of this line there lie present a marshy plain, draining off to 
the mountains and south of It low plains or the west over a hard lava threshold 

at most low hilly land. Most of those through the small Tjlpasangteneng river, 

mountains belong to the Danau range, on the It Is likely that formerly this threshold 
south and southeast sides of which a few was higher because of the masses of tuff 

younger volcanoes have grown up, of which and that then the crater plain was occu- 

the Karang and the Poelosarl (see Fig. 198, pled by a permanent lake. At present 
page 569) are the most prominent. Accord- during the height of the rainy season the 
Ing to Verbeek^® these are '’beautiful stream referred to cannot drain off suffl- 

cones, covered with vegetation right to the clently rapidly all the water which flows 
top." The surface soil Is deeply weathered In from the surrounding slopes, so that for 
to a "red clay"; this would more correctly a large part of the year the plain Is sub- 

be termed bro>ml3h red to brown lixivium. merged. In the following dry season, or 

The rock making up these mountains is on more correctly the less rainy season, the 

the basic side: pyroxene andesite and ba- lake shrinks to a very much smaller size 

salt, with a distinct olivine content. .and the rest remains as swamp (see Pig. 

Lava flows are Infrequent, conglomerates 199, page 969 ).. Meanwhile, flowing out 
and breccias are not abundant. Finer la- with the river water coming from the north 

pllll and an ash appear to be the predoml- slope of the Karang and from the slopes to 

nant parent materials from which the soils the west, a considerable quantity of silt 

have been formed. As a result of a high comes onto the plain which, especially In 

content of colloidal Iron hydroxide these the south. Is being filled up to an Impor- 
materlals have given rise to a soli with tant degree. Already a large part of the 
a loose structure excellent for the wild original swamp forest has been converted 
vegetation and cultivated crops. As a Into fertile paddles. In the plain the 

consequence of the heavy rainfall, espe- soil was originally subaqueously weathered, 

dally on the southern and western slopes. Now In the south the paddy soils are more 

the Intensive leaching has reduced to a and more amphibious, yet the earlier char- 

low level the content of plant food sub- acter of the soil Is still predominant, 

stances^^ In the soil which is already a The plain lies about 100 m. above sea level, 

quite senile reddish brown lixivium. Con- nor are the other conditions for peat for- 

sequently In this region we do not find any matlon very favorable. Besides, the not 

of those crops which make heavy demands very senile tuff material being washed into 

upon the soli, while at the higher eleva- the plain does not bring with It an espe- 

tlons where tea or cinchona ought to grow dally low pH, and so is not conducive to 

very well both volcanoes are, as It hap- peat formation. These are the reasons for 

pens, too much dissected and rough and Endert’s statement that ’’the Danau Is a 

steep. Upon the somewhat flatter lower swamp and not peat."^'* The soil Is "a 

slopes there are a few nice rubber planta- true mud," certainly "for the greater part 

tlons similar to those on Borneo and consisting of wood fragments, but the mass 

30 . Verteek and Fennema, 1. c., pp. 864-867. 

31 . E. Cr J. Mohr, Ruhher Recuell, (Batavia, 1914), p. I 70 . 

32 . F. H. Endert, The natuurmonument Danau, Tectona 23 (1952), 963-986. This extensive monograph, which 
Includes a map and beautiful photos, has supplied various facts which have been Incorporated In thle 
discussion. 

33- A. Hardeman, Mem. Overg. Resld. Bantam, (April, 1906), p. 40. 

34 . Endert, 1. c., p. 971* 



WEST JAVA --BANTAM AND THE DANAU PLAIN 



Photo by Bley 

Fig. 198 . Bantain. View looking west from the Paslr AJoenan Rubber 
Plantation. The volcanic cone G. Karang In the center and G. Poe- 
losarl at the left. Between the two and In the extreme distance Is 
G. Aseupan. Li the foreground second growth forest and rubber plan- 
tation on Bantam tuffs. 



Photo by H. J. Lam 

Fig. 199‘ The Danau plain, Bantam. In the distance is the forest, 
within which Is the lake. In the far distance the remains of the 
crater wall.— The soil of the plain Is pale, for the greater part 
Buba^ueously weathered. 
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Photo by Bley 


Fig. 200. Irrigation canal near Pamarajan, Bantam. Slumping out of 
the canal banks excavated In white tuffs. The vegetation is not 
luxuriant on the only slightly fertile tuffs and the pale soil weath- 
ered from them. 


will not burn and thus Is not peat." This 
also agrees with what he says^^ somewhat 
further on regarding the occurrence of a 
fern, peculiar to the flood forests: ''Its 
frequent occurrence in this region must 
apparently be ascribed to the water having 
a high content of mineral salts as a con- 
sequence of volcanic Influences." Par- 
ticularly in connection with what has al- 
ready been discussed (pages, 72-7^) ^ an- 
alysis of the water and the determination 
of its pH would be very much in order. 

The Danau volcano gives the im- 
pression that it has not been built up so 
gradually and "respectably" as the Karang 
and the Poelosarl, but rather as the re- 
sult of a few very heavy eruptions, really 
explosions, during which enormous quanti- 
ties of ejecta were thrown into the air. 
Yet not entirely in that way, for Verbeek 
in his conclusions regarding the Danau 
says^® "This mighty volcano has thrown out 
two sorts of rocks. First, pumice stone 


55 . Endert, 1. c . , p. 973* 

36 . Verbeek and Fennema, 1. 0 ., p. 96? • 

57 . Verbeek and Fennema, 1. c . , pp. 87 I- 876 . 


and obsidian, apparently only as loose 
ejecta. Secondly, pyroxene andesite and 
basalt along with transition forms of these 
rocks ... .which, as layers of lava, alter- 
nate with the pumice stone tuffs. The 
'white tuffs' of the Quaternary formation 
of Bantam and a part of Batavia are sub- 
marine products of this Danoe volcano" 

( see Pig. 200 above) . 

Two points already prevlously^^ 
mentioned by Verbeek may appropriately be 
referred to here. First, that in the time 
of the greatest activity of this volcano 
the sea stood about 100 m. higher than at 
present. That is, the point of eruption 
was below the level of the sea, as a re- 
sult of which it is obvious that the con- 
ditions were different from those on land, 
where a steep volcano can be built up. 

Not only that under water the angle of re- 
pose can never be nearly so steep as bn 
land but that the currents in the sea 
played a part, particularly if at the time 
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of the eruptions they were setting strongly 
from west toward the east, as Is the case 
at present during the west monsoon months. 
If so the ejecta would have been carried 
away before they had had time to sink to 
the sea bottom.^® 

Secondly, Verbeek considered It 
"not Impossible that a small part of the 
Bantam tuff was ejected through Independ- 
ent submarine points of eruption."^® Ade- 
quate evidence for this, however, Is lack- 
ing. Only the astonishing quantity of 
tuff which for example, lies more than 
200 ra. thick at Serang and still many tens 
of meters thick at a distance of tens of 
kms. from the point of eruption, naturally 
raises the question: has all that material 
come from only one point of eruption? It 
Is the same question which also arises re- 
peatedly on Sumatra and It Is not an easy 
one to answer. Later researches concerning 
Bantam, among others those by White and 
Schelbener, have given us no new light 
on this question. However, on the grounds 
of the very close similarity of the Bantam 
tuffs with dacltlc Pleistocene tuffs In 
the Lampongs, Sumatra, It does seem likely 
that the Danau products must have been 
spread out very extensively, not only 
toward the east over Java, but also toward 
the northwest over Sumatra. 

Meanwhile It Is of great Importance 
In carrying out the purposes of this book 
to determine, as calculated below, the 
limits on the present day land surface of 
the area of the Bantam tuffs whlcli are 
purely land tuffs ; and those which are 
marine tuffs and which from the moment 
when they were erupted into the sea, were 
"pre-lnfluenced" as It were by the sea 
water, previous to their becoming land 
and, as such, a parent material for weath- 
ering to soil. Regarding this, factual 
data are available in the form of detailed 
analyses of the tuffs themselves, as well 
as of the soil types which have developed 


from these tuffs, and the kinds of soli 
materials which make up the soli profiles/^ 
At present about all we can say about this 
question Is the following: Obviously the 
marine tuffs were not suddenly raised up 
from the bottom of the sea, but only gradu- 
ally. Consequently the surface portions 
passed through the stages of first sea 
bottom, then coastal swamp, and finally 
dry land. Speaking geologically, the 
coastal swamp was rapidly covered with for- 
est and although the sea water previously 
In contact with the material was well over 
pH 8, the dense tropical rain forest vege- 
tation depressed the pH of the water. Ul- 
timately the pH of the swamp water fell to 
such low values that here and there peat 
could form, especially In depressions paral- 
lel to the coast. When excavating for the 
foundations of the Tjloedjoeng project ex- 
amples of this peat on, and especially be- 
tween, the tuffs were repeatedly found; 
nor was this always a pleasant surprise. 
Where because of these conditions favor- 
able for the formation of peat the pH was 
depressed to below 4^, the Iron oxides be- 
came movable, and In other places, either 
deeper or to one side, where the pH was 
still higher, these Iron compounds were 
again precipitated as iron concretions , as 
hall ore, or bean ore, and often coalescing 
to solid masses of concretions. This is 
not an Infrequent phenomenon; on the con- 
trary It is very general. Hence the gen- 
eral occurrence of pisolitlc Iron ore In 
the entire tuff plain, in so far as It 
embraces the marine tuffs. This is Illus- 
trated by what Verbeek had already written: 
"Between Tangerang and Serang, sometimes for 
a distance of kilometers, use Is made of 
darker, nearly black and reddish brown 
iron-stone for surfacing the post road. 

This Iron ore occurs In thin blocks on the 
pumice stone tuffs and Is not limited to 
the boundary with the alluvium,'*^ but Is 
also found on the little plateaus at 50 to 


58 . For the distance between the Danau volcano and the TJleadane = about 60 km. , with an ocean depth of 
about 150 m. and a current speed of 2 nautical miles per hour, ash particles as small as about 60 mu 
would be able to sink, but certainly smaller sizes could not. 

39 . Verbeek and Fonnema, 1. c ., p, 874. 

40. J. Th. White, Agrogeologle der Way Llma-streck, Meded. Alg. Proof st. Lb. No. 1^ (1925), pp. IO-I 5 in 
particular. E. E. Schelbener, Petrogr. Resid. Bantam, Meded. Alg. Proefst. Lb. No. (1925), pp. 
117-146. 

41. See pp. 560-561 of this book. 

42. Verbeek and Fennema, 1 . c ., pp. 877 - 878 . 

43 . Senile, iron-rich alluvium, originating from the younger material, richer in basic rocks, lying in 
the Southern Mountains and carried out and deposited upon the tuffs. 
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60 m. above the sea." It seems to me that 
these little plateaus may be reconciled 
with the above-mentioned small depressions 
from the time when the tuffs first rose 
above the sea; perhaps these plateaus also 
originally had alluvium lying on them, but 
that was then later; with a further rising 
of the land and a simultaneous cutting 
down deeper of the rivers, any loose ma- 
terial was again eroded, while the harder 
and heavy masses of Iron oxides now remain 
lying capping the elevations. These lumps 
of Iron ore are called ” batoe bangkong . 

Still another statement by Verbeek 
deserves to be mentioned here; and by way 
of Introduction It should first be stated 
that when the sea retreated, even to such 
an extent that the bed of the entire Java 
Sea became dry, the climate of the North 
Coast of Java must unquestionably have been 
drier than at present, at least during the 
east monsoon. Now with an annual rainfall 
of about 1,600 mm. the number of "dry” 
months for this region between Anjer and 
Tandjong Prlok is from 1 to 3. But If, 
for example, the rainfall should decrease 
to 1,400 or 1,200 mm. then the number of 
dry months could easily rise to 3 or 4, 
which would mean a dry season like that 
which Is usual along the north coast of 
East Java. But then the climatic condi- 
tions would be such that in addition to 
Iron concretions calcium carbonate concre - 
tions would also develop. As Verbeek 
wrote "Close to the boundary of the 
white. Quaternary tuffs with the dark al- 
luvial clay of the sea coast.... the cover- 
ing of marine clay Is still very thin and 
most of the water channels between the 
paddles are dug down Into the tuffs. At 
a number of places northwards from the post 
road between Serang and Kopo'*^ In place of 
clay thin blocks of a very special sort of 
lime are found lying directly upon the tuff 
layers. The blocks consist of kidney- 
shaped pieces usually porous or pitted on 
the outer surface ... .without a trace of 
organic structure. .. .consisting of the 


coarse sand of the tuffs, cemented together 
with a profuse calcareous cement." Pre- 
cisely the same phenomenon, but upon much 
younger base formations, I have observed 
In East Java, behind Probollnggo. 

Just as to the south of the older 
Danau volcano there has grown up a quite 
large complex of younger volcanoes all of 
exclusively more basic rocks, likewise 
also to the north of Danau Is a small vol- 
canic complex, the Ooenoeng Oedeh. This 
fact In Itself would not be worth record- 
ing here except that on the eastern side 
of its foot and extending all the way to 
the coast this mountain, likewise consist- 
ing of basic rocks, has a better soli than 
the more distant north coast of Bantam. 

This is apparently the reason why with a 
rainfall of not even 1,600 ram. per year 
and a distinct dry season, cotton is planted 
here,'*® even though the farmers raise the 
fiber only for their own use. Toward 
Tjllegon some sugar cane Is also planted 
for home use. But neither crop Is planted 
farther east In the low plain of Bantam. 




The mountainous lands of south- 
eastern Bantam, together with the mountains 
lying to the east therefrom, approximately 
enclosed within the highways connecting 
Rangkas Betoeng--Djaslnga--Bultenzorg, 
Buitenzorg--T jlbadak--Pelaboean Ratoe In- 
clude for Java a fairly great variety of 
formations geologically, and rocks which 
are also petrographlcally different. 

On account of the occurrence of a 
couple of granitic masslves as well as 
Eogene sandstones and Neogene pumlce-rlch 
tuffs, in general character Southeastern 
Bantam Is related to Sumatra. Rutten^® 
remarked "that the uppermost tuffaceous 
section of the Tertiary In Bantam Is 
clearly the equivalent of the Upper Palem- 
bang layers [of Sumatra] . For the region 


44. A. C. Koorenhof, Jaarverel. (Ressort Bantam), Landb. VoorllchtlngB-dlenst 1916, p. 2 (1918). 

45 . G. A. F. Molengraaff, Geol. d. Zieeen v. Ned-Indla (Leiden, 1921). 

46. Verbeek and Fennema, 1. c . , p. 877* 

47 . On the map the village name '’Kragllan" has now replaced ”Kopo." 

48. Compare also, p. I 89 . 

49 . See: Jaarverel. Landb. Voorl. Dlenat 1916, pp. 4, 8 ( 1918 ) and 1919^ P* 9 (1920). 

50 . See L. M. R. Rutten, Voordr. Geol. Ned. Ooet-Indle (1927), p* 585 . 
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Photo by the Forest Experiment Station 


Fig. 201, Bantam. A vast cogonal (imperata ) plain, the result of 
repeated burnings and kalnginlng on poor, pale tuffs. 


to the south of Rangkas, where these layers 
of tuff occur as so 11 -forming materials, 
the climate also does not differ much from 
that of Central Palembang and Djambl. But 
that In Itself is no cause for rejoicing, 
since there is evidently a great similarity 
between the soil types of this region and 
those of the higher "talang” of Palembang. 
This similarity further appears to be true 
with reference to the following points; 
formation of pale brownish red lixivium, 
physically not bad for the vegetation, at 
least as to water movement and water sup- 
ply, but chemically poor, especially as to 
phosphorus. It Is also not rich with re- 
spect to potassium and magnesium. Its cal- 
cium content varies. In the ’’Tjlraantjeur 
layers” of Koolhoven^^ where between the 
tuffs are accumulations of shell lime, It 
Is calcareous. On the other hand in the 
"volcanic Pliocene” where ’’fossil occur- 
rences are lacking,” there Is little lime. 
Considering everything, It Is clear that 


rubber Is the only suitable European plan- 
tation crop for these soils derived from 
tuffs, and rubber will do very well, while 
the natives raise crops In kalngl'ns, a 
practice which the authorities not only 
have not been able to stop altogether, but 
which they have attempted to confine to 
certain areas. 

The southwestern part of Bantam and 
the adjacent southern Preanger Is the most 
thinly populated part of Java ( see Table 
120, page 57^) . By contrast on the Islands 
of Java and Madoera, In about 400 of the 
districts, there are none with less than 
80 persons per kra.^ (these figures and 
similar ones farther on have been taken 
from the extensive 1930 Census, Parts I, 

II, and III). 

Of these districts the first four 
lie In southern and southwestern Bantam, 
the other five In the south of the Preanger. 
Tjlballoeng Is by far the most thinly popu- 
lated. There must be a reason for this. 


W. C. B. Koolhoven, Toellchtlng blj blad der Geol. Kaart van Java (1955); PP- 55; 57» 

!)2. Cf. ; de Memories van Ovorgave, Res. Bantam van: J. A. Hardeman, (April 1906), pp. 42-43; F. K. Over- 
duyn, (Mel 1911); PP- 54-57; J- C. Bedding, (Maart 1925), PP- 40-42. 
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Table 120 

NUMBER OF INHABITANTS PER SQUARE KILOMETER 
IN SOUTHWESTERN JAVA 


TJlballoeng 20.1 

TJllangkahan 46.6 

Paroenkoedjang 66.4 

Lebak 79.5 

DJampangkoelcn 64.1 

Sindangbarang 42.0 

Boengboelang 57 *4 

Pameungpeuk 55*3 

TJldJoelang 79.4 


and it seems to me that ve must look for 
It in the soil and the climate. As to the 
climate, none of these thinly populated 
districts ever has a dry season. The soil 
is exposed to continuous and intensive 
leaching. Even at first the parent materi- 
al was not rich; continuous leaching has 
made it still poorer. 

As to the parent material the fol- 
lowing notes are of Interest. On a founda- 
tion of solid rocks, breccias and finer 
fragments andesitic and basaltic in nature, 
which apparently were washed clean of the 
overlying ground during the gradual sub- 
mergence under the sea, tuffs mostly ma- j 
rlne were spread out in late Miocene, Pll- ! 
ocene and Pleistocene time. These tuffs | 
were of an acid character with much pale j 
pumice stone glass. As long as and in so j 
far as these lay under the sea, though they 
were markedly altered chemically, they were 
not strongly eroded. When they finally 
came above the water they formed a cover 
rich in silicic acid and more or less sl- 
llclfled, a material which only slowly 
weathered to soil. Now and then these pale 
sillclfled tuffs of the now low, rounded 
hilly land, were contaminated, if one may 
use that word, by incidental rains of ash 
during the time of their formation under 
the sea, as well as afterwards during the 
period of their weathering. This frag- 
mental material was for the greater part 
of more basic nature, with a greater con- 
tent of basic feldspar and dark minerals 
such as hornblende, auglte, and hyper sthene. 
There was finally the eruption of Krakatau 
in 1885. Here, on Java just as in the 


Larapongs of Sumatra, the resulting ash must 
have had a rejuvenating and improving ef- 
fect upon the soil. But this last eruption 
occurred in August, that is in the time of 
the strong east monsoon. This explains 
that while according to Verbeek®^ Telok 
Betong, Sumatra, was covered with a layer 
of ash approximately 200 mm. deep, the 
Vlakke Hoek with an equal amount, and even 
50 mm. at KroSejln Bantam but 40 to 
50 mm. was measured at Anjer, 50 mm. at 
Tjlmonas, 15 to 20 ram. at Rangkas Betoeng, 
while in the Lebak district the depth of 
ash on the level averaged only 15 mm. More- 
over, it should be remembered that toward 
Bantam the ash was blown back eastwards 
by the high counter-trade winds, so that 
all the coarser ash had already fallen to 
the west before such material as reached 
greater heights began its journey eastwards. 
Thus that portion of the ash reaching Ban- 
tam was finer and richer in glass but 
poorer in those crystals which bring to 
the soil K, Ca, and P. Hence it can be 
understood that even after the great Kra- 
katau explosion. South Bantam remained 
sleeping economically, while the southern 
Larapongs of Sumatra were revived and rejuve- 
nated. 

To those who have not had the privi- 
lege of seeing the land Itself, the topo- 
graphic maps of southwestern Java tell a 
very clear story regarding this matter. 

On the west side of the very rough and 
steep Hondje mountains the fresh ash was 
washed off toward the west coast. Near the 
small villages of Tjlplnlng and Tjlkawoeng 
are to bo found a few paddles, but nowhere 
else near that mountain, which Itself la 
entirely uninhabited. The Tjlballoeng 
sheet of the 1:50,000 map does not show a 
single paddy and, .aside from a few small 
villages along the few roads, only unin- 
habited land, at moat long abandoned kain- 
glns with only cogon (see Pig. 201, page 
575) . Still further east there la still 
the same abandoned landscape until near 
Mallmplng, where there are some paddles. 
These paddles are in drainage basins of 
small rivers which have their origin in 
mountains lying to the east and northeast 
of Mallmplng, where there are rocks of all 
kinds, which while they do not give first 
class fertility to the soil and to the 


55. R. D. M. Verbeek, Krakatau ( 1885 ), pp. 127-128. 
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Irrigation water yet they give somewhat 
better crops than the pale tuffs are able 
to produce. 

If we compare with this detailed 
topographic map the Tjlteureup and Laboean 
sheets along the Peperbaal, then the former 
shows the same forlornness as sketched 
above, but the more northerly one goes the 
better the country becomes. Not only did 
more and better ash fall In 1885 , Uut also 
beyond the Tjlboengoer there are the drain- 
age basins of rivers which rise In the vi- 
cinity of the Poelosarl and other volcanoes 
with basic eruptlves, to the south of the 
Danau. There all the land Is used for 
paddles and around Menes the population Is 
dense. Subsequently, because of the press- 
ing need of arable land and with the help 
of the modern agricultural technic (appro- 
priate fertilization) , in the next few 
decades the marshes along the Peperbaal 
will be encroached upon more and more and 
will be converted Into (marsh) paddles. 

But then the encroachment will be in an 
unusual manner, not gradually in from the 
coast and the road which runs along that 
way, but rather down from the north, from 
the landward side. However it will still 
be a very long time before settlers moving 
southward will reach the hilly land and 
the south coast. 


» # * * * 


The fari;her one goes eastward, 
the more the mountains of southeastern 
Bantam are made up of respectable volcanoes 
built up of more basic rocks , among which 
andesite and basalt predominate. On the 
boundary between Lebak and Bultenzorg 
there lies a complex of volcanoes which 
Includes the Ooenoeng Hallraoen and the G. 
Sanggaboewana, both more than 1,900 ra. 
high. More southerly Is the G. Pangkoela- 
han ( 1,768 ra.) and still another G. Hall- 
moen ( 1,750 ra.), while somewhat toward the 
east-northeast Is the group to which the 
Salak (2,211 ra.) belongs. The first 
mentioned complex is today considered to 
be of Pleistocene age,^^ while the geologic 


age of other volcanoes has not been more 
definitely stated than as "mostly Pliocene- 
Quaternary."^^ However only a few of the 
volcanoes, because of their recent activity, 
can be called Quaternary, but this does not 
deny that even these might have commenced 
their activity as early as the Pliocene. 

As a consequence of the greater 
basicity of the ejecta of these volcanoe^^ 
another type of weathering has prevailed, 
giving better, more fertile soil types; .and 
thus also more paddies, more upland .or moun- 
tain crops, and so more population. Con- 
sidered by itself the natural fertility of 
most of the paddles In the Djaslnga, Leu- 
wlllang and Bultenzorg districts Is not 
notably high, and the content of the prin- 
cipal plant food substances In these paddy 
soils Is definitely low, but there are two* 
factors which make these soils better than 
the Bantam mountain lands farther to the 
west. In the first place, a soil poor in 
phosphorus is better than one with prac- 
tically no phosphorus at all. Secondly, 
all soils, and this Includes the paddy 
soils, which have been entirely or to a large 
extent derived from the Bantam tuffs, con- 
tain quite a high percentage of silt. This 
is an acid volcanic glass, In part slllcl- 
fled, weathering only with difficulty. It 
Is a material which greatly retards water 
movement in this soil, making It difficult 
for the vegetation to obtain adequate sup- 
plies of water and plant food. This con- 
dition also tends to Increase soil acidity. 
This tendency is especially noticeable In 
soils which contain relatively much pale 
clay. Because of all these reasons It 
follows that on these Bantam soil types In 
a single year a second crop seldom does 
well, consequently a second Is seldom 
planted. On the soil types In the mountain- 
ous land lying more to the east, however. If 
one does not wish to follow one crop of 
paddy with a second crop of paddy which can 
also be done, all kinds of vegetable or up- 
land crops can more easily be planted. 

"But not much is really produced" wrote the 
Resident of Bantam in 1906.^® Having passed 
the boundary, however, the more easterly we 
go, the less frequently do we find the 
paddles lying Idle during the east monsoon. 


W. C. B. Kbolhoven, Sheet l4 (Bajah) of the Geological Map of Java (1932). 

35 . L. J. C. van Es, Geol. Overz. Kaart. H. 0. I. Arch. Blad JV: Jh. Mljiw., (1916), Verb. II., pp. 55- 
140 . 

56. Hardeman, 1 . 0 ., p. 4l. 
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The following figures®^ (Table 
121) from five districts, located in a 
row from west to east, demonstrate very 
clearly what has just been said. While 
the climate and the elevation do not dif- 
fer much, the parent rocks gradually 
change from relatively acid In the west 
to more basic In the east; more and more 
land is cultivated, more and more paddles 
have been laid out, and the population 
naturally Is not so sparse. 


In so far as there Is still a ques- 
tion of unirrigable, hilly, rolling lowland, 
consisting of the repeatedly mentioned Ban- 
tam tuffs, we can expect little else of them 
than what we have already seen on the same 
parent material south and southwest of Rang- 
kas; namely, a little upland cultivation, a 
little forest, with here and there some rub- 
ber. Some cattle are pastured upon these 
lands; but most of the region lies unuti- 
lized (see Pigs. 198, 200-201, pp. 569-575). 


Table 121 


REUTION OF ROCK TYPE TO LAND UTILIZATION AND POPIIUTICN 


District 

Rock Type 

— 

Agricultural 

land 

Paddles 

Upland 

unirrlgated 

Population 
, 2 

per km. 

^ of the whole district 

Lebak 

Relatively acid 

16.7 

6.7 

10.0 

79 

DJaelnga 


22.6 

10.5 

12.1 

125 

Leuvlllang 

Intermediate 

29.9 

24.5 

5.4 

260 

Paroeng 

Relatively basic 

74.0 

5^.1 

1+0.7 

595 

Bultenzorg 


67.5 

40.1 

27.2 

51+0 


It is obvious that with Improvement 
In the nature of the parent rocks from west 
to east there Is also a parallel Improve- 
ment In the Irrigation water for the pad- 
dles. 


* * * * # 


The nature of the soil of the low 
plain to the north of the line connecting 
Pandeglang, Rangkas Betong and Depok is 
determined predominantly by two things: 

(1) Whether or not It Is possible to use 
for Irrigation the water from the rivers 
which rise In the mountains lying to the 
south of the line mentioned and which flow 
out toward the north. ('2) In case there Is 
the possibility of Irrigation and/or natu- 
ral flooding of the land, the nature of 
the water and silt of these rivers markedly 
affects the soil. This Is Influenced by 
the parent rocks and their degree of sub- 
division (massive rocks or tuff), the ways 
In which weathering has taken place, and 
the stages of weathering of the mountains 
which lie behind. 


The Irrigable terrain, partly the 
lowest east to west strip of the Bantam 
tuffs, but mostly the alluvial low plain, 
lying In thinner or thicker deposits upon 
the substratum of these tuffs. Is as a 
while utilized for paddy cultivation. 

Along the north side the paddles sometimes 
extend right out to the sea. But where the 
soli is too salty the land has been left as 
swamp forest or has been used for the con- 
struction *of fish ponds. 

Regarding this extensive paddy 
plain, from about Tjllegon to close to 
Tangerang, It can be stated that because 
of the skill and care of the Inhabitants 
It Is handled well. If the farmers do not 
neglect the Irrigation, harvests are ob- 
tained which are better than the average 
for Java, And this In spite of the fact 
that the soil is poor, especially where the 
irrigation water has Its origin entirely or 
for the greater part In the tuffs. Espe- 
cially as to the phosphorus both soil and 
water are sometimes so extremely poor that 
without fertilization almost nothing Is 
obtained, while with superphosphate a good 
harvest may be gathered. Prom a ’’review of 
the results of fertilizer testja In the 


57. Taken from the data of the 19J0 CeiiauB and the Landbouwatlaa v. Java en Madoera, II; Teket (Weltevre- 
den, 1926). 





WEST JAVA— RICE YIELDS AI0 FERTILIZERS 


577 


subdivision Serang during 1918-1919”^® 
have been taken some data which are set 
forth in the following Table 122: 


Table 122 


Name of the exper- 

Paddy yields in quintals 

Imental fleldB 

per hectare 


Unfertilized 

Superphosphate 






HBBii 

PO0IO 

1.2 

22.3 

TJiroeae 

2.4 

32.3 

TJinanggoeng 

16.3 

33.1 

Sldapoerna 

21.3 

4o.l 

Eapoeren 

33.5 

42.2 

Panglawad 

42.8 

30.8 

DJaml 

46.2 

51.3 

panantjangan 

49.6 

53-5 

All the 

experimental 

fields, from 


the least to the most productive, lie on 
the same soil type, named by the Soil Sci- 
ence Institute "Bantam tuff loam." It is 
apparent that' this type gives a clear re- 
sponse to P fertilization; on the poorest 
soil the effect is astonishing. Honesty 
demands that we add that on a few experi- 
mental fields superphosphate gave no ef- 
fect, or even a negative one. Treated In 
a similar way the yield of Kalanggaran 
field was increased from 40.2 to only 40.8 
quintals paddy per hectare; Soemoer Asem 
was reduced from to 35*3 qu./ha.; while 
the Keben field showed a greater decrease, 
from 40.2 to 37. qu./ha. But it should be 
kept in mind that all three of these ex- 
perimental plots lie close to Serang, while 
the others are almost all more easterly, 
lying around Tjlrooas, which is evidently 
a center of P deficiency. Around Serang, 
on the contrary, apart from the possible 
affects of the town, probably soil and 
Irrigation water are Influenced by the 
proximity of more ^paslc rocks ( from the 
Karang northwards ‘to close to Kraraatwatoe) , 
as expressed in a small or in no deficiency 
of P. 

Close to Tjlroeas is, the Singamerta 
permanent experimental field. Prom half a 


dozen seasons’ tests It la apparent that 
there the typical Bantam tuff loam not only 
Is deficient In P, but Is poor as a whole 
( see Table 123 below) . 

Table 123 


APPROXIMATE AVERACai YIELDS IN QUINTAIB 
DRY PADDY PER HECTARE 



Nitrogen 

Phosphorus 

N + P + K + Ca 


about 13 

about 23 

about 27 


The following experiment^® upon the 
lixivium derived from the Bantum tuff Is 
also striking. This soil close to Njapah 
village. In the sub-district of Walantaka, 

Is called by the Soil Science Institute 
"brown, sharp, sandy, quartz-rich laterlte 
soil." There was here no paddy land, but 
an upland rice culture. The rainfall was 
inadequate so that the crop because of a 
lack of water did not do as well as It 
might have. The unfertilized plots gave 
but 1.6 quintals paddy per hectare, by 
the use of barnyard manure this was raised 
to 7.2 qu./ha. The use of ammonium sul- 
fate alone, however, gave only 2.5 qu./ha. 
(Pin the minimum). Ammonium sulfate with 
double superphophate gave 12.5 qu./ha.; 
ammonium sulfate and potassium sulfate 
(thus without P) only 2.9 qu./ha. But 
ammonium sulfate plus double super plus 
potassium sulfate gave l6.8 qu./ha., and 
by an addition of lime this figure was 
raised to a yield of 19*5 quintals dry 
(upland) paddy per hectare. 

Although in none of the experiments 
of the series of the Agricultural Institute, 
neither those here recorded nor many more 
which 1 have not here specifically referred 
to have there been given figures for the 
analysis of the soils of the corresponding 
experimental fields. Yet the practical 
results Indicate very clearly where the 
deficient areas are and what yields one 
should be able to obtain with appropriate 
fertilization on these poor tuff loam soils. 

Further east, for example around 
Maoek, the alluvial plain Is not so poor. 
The rivers Tjldoerian and Tjlmant jeurl, and 


Jaarvorel. Landb. voorl. dienst (1919) > p* 13 (1920). 

39. Cf. '\rerBl. BemoBtlngsproeven, West moesBon 1950/)1, No. B. 236, Landb. Inst. v/h. Alg. Proefst. v/h 
Landb. 
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especially the Tjisadane, provide both 
better silt and better water. Furthermore, 
without doubt the sea improved the deeper 
alluvial layers at the time of their depo- 
sition in sea water. Finally the climate 
there has an intensive dry season; all 
these are reasons for greater fertility. 

As a consequence, few researches relating 
to the soil and its productivity have been 
necessary in this region; hence plot ex- 
periments have not yet been carried out. 
However, this stretch, like the whole low 
plain from Tjilegon to Tangerang, needs to 
have a certainty of harvest. This means 
security against drought, as well as 
against floods, which can be achieved 
through technically well-regulated Irriga- 
tion. For North Bantam the Tjloedjoeng 
works have now taken care of this. But In 
the district of Northwestern Batavia there 
is still a great need of overcoming the 
lack of water during droughts as well as 
also to get rid of the souring of the soli, 
reduce the mentek disease of rice, etc., by 
properly developing irrigation from the 
above-mentioned three rivers, while not 
forgetting to provide for proper drainage 
of the low, marshy places, where there are 
annually still a number of partial or com- 
plete crop failures. 

When these engineering works are 
ready, then will be the proper time to take 
advantage of suitable fertilization, both 
for lowland rice as well as for the supple- 
mentary crops. "From a second planting of 
paddy Irrigated with water from the Tjloed- 
joeng River, but without fertilization no 
decent crop Is to be expected" Resident 
de Kanter^^ wrote in 195^- Also for Bala- 
radja, Maoek and Tangerang we may expect 
the same effects although to a lesser de- 
gree! For although Tangerang is certainly 
the least in need of fertilization, even 
there it will doubtless be very effective. 

Within the Tangerang district, 
southwest from the bay of Batavia, running 
over the peculiar Kamal region, there Is 
also a region which shows very clearly a 
dune ridge formation . While not all of 
these ridges are irrigable, yet they are 
not so high but that the numerous cocos 
planted on them are able to obtain adequate 


water. The low strips between the ridges 
were previously occupied by a swamp forest. 
These depressions have now been completely 
converted Into paddles. The Inhabitants 
live on the ridges under the palms which 
bear good crops of coconuts, for the sand 
of the dunes, which for a large part was 
carried down by the Tjisadane and Tjlllwong 
rivers toward the sea. Is volcanic, thus 
good fertile sand, that gives rise to a 
fertile soil. Only a narrow strip along 
the sea Is too low and muddy for agricul- 
ture. In this strip are fish ponds and 
part of it Is occupied by mangrove forest 
right up to the city of Batavia. 


* * * * * 


The Salak complex of volcanoes and 
the still much greater Gedeh-Pangeranggo 
complex have together supplied the building 
materials for the soil of the entire strip 
lying north from these volcanoes and ex- 
tending on out northerly to the sea coast. 
Most likely since the Pliocene down until 
the most recent times, geologically speak- 
ing, mighty ash eruptions and mud flows 
have probably alternated with each other 
in covering up everything. Viewing these 
activities from the standpoint of soli sci- 
ence, however, these mighty activities took 
place long ago, for in the surroundings of 
Bultenzorg, foi^ example, the soil lying on 
the surface is already a reddish brown 
lixivium, senile to a high degree. The last 
great volcanic eruption which took place 
seems to me to have been the bulging out 
of the north-northeastern part of Salak 
crater, coupled with great mud flows down 
what is now the Tjlapoes valley (see Fig. 
202, page 579) • For example In the exten- 
sion of that valley out into Tjlmonas Is a 
sharply defined very juvenile lahar mud 
flow field, made up of sharp andesitic sand 
with large, fresh rocks in it. Even the 
sand in that field Is but very slightly 
weathered. 

Under the reddish brown lixivium 
around Bultenzorg at a depth which varies 
from 1 to 5 m. , there is a pale layer. 


60. Cf . : J. C. Bedding, Memorle Res. Bantam (Maart 1925), p» 7* Jaarversl. Landbouwoorllchtlngsdlenat 
(1916), pp. 2-5. 

61. J. S. de Kantor, Memorle Res. Bantam (Mel 193*»)» p. 117* 
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Photo by HJ. Jensen 

Fig. 202. Above Bultenzorg, near Soekamantri , West Java. Remains 
of the lahar from the caving in of the crater wall of Mt. Salak (note 
the cleft). Mountain slopes completely covered by tropical high for- 
est. In the foreground the bed of the Tjlapoes river, a mass of an- 
desitic boulders. 


yellow when damp, and dingy grayish white 
when dry. This horizon which at Bulten- 
zorg is approximately 2 to 5 m. thick, 
toward Tjlleboet decreases to 1 dm, and 
less, and up against the Gedeh disappears 
entirely, while against the Salak, espe- 
cially on the northern slope, it is even 
3 m. thick and more. It is clear that this 
material was originally a colorless pumice 
stone, in which were phenocrysts of bright- 
er plagioclase (andesitic), some limonlte 
dust, and a little hornblende. In the 
lower land much of the pumice stone has 
been weathered to a pale clay. Higher up 
however, more of it remains unweathered. 

In spite of the fact that here at greater 
elevations the pale layer, through the 
disappearance of the overlying layer of 
brown lixivium, has been more and more ex- 
posed. In bhls connection it may be men- 
tioned that regarding Klara be res (on newer 
fnaps named Goenoeng Awlbengkok) a volcano 
tying southwest of the Salak, between the 


the Goenoeng Perbaktl and the Goenoeng 
Gagak, Verbeek and Fennema®^ stated that 
"The Klara beres has erupted only glassy 
rocks. Close to the summit are found weak 
tuffs and very brittle, sandy pumice stone 
of a light yellow color which is easily 
broken with the hand." The report also 
mentions "more solid pumice stone" and "an 
obsidian flow which consists in part of 
darker, and In part of white obsidian." 

It seems probable that these obsidians and 
pumice stone tuffs are related to the pale 
ash which occurs in the soil even beyond 
Bultenzorg. Besides this, the material 
forming the land which gradually slopes 
toward the north becomes andesitic. 

At about opposite Depok, or some- 
what more south, there is a line, to the 
south of which the soil can be called 
brown, or at most a reddish brown lixivium, 
but to the north of this boundary, however, 
the color is definitely a red, or at least 
somewhat brownish red. The change is sharp. 


62. Verbeek and Fennema, 1. c ., p. 498. 
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According to Frontispiece A, the soli 
south of the boundary Is In stages 3-4, 
and that to the north Is In stages 4 to 5» 
In the terrain to the north In deep pro- 
files exposed, for example In deep cuts of 
Irrigation canals, there are clearly vis- 
ible under the red surface soil the red 
flecked, pale clay horizon and still deeper 
the old mud flows, cemented to tuffs by a 
slllclous cement. 

There are two ways In which we may 
explain the marked soil differences which 
are so apparent along the road between 
Bultenzorg and Batavia. If It be accepted 
that both types of deposits are terrestrial 
formations which have been subjected only 
to subaerlal weathering. We must admit a 
long lapse of time between the deposition 
of the two sorts of soil material, thus 
an Interval of rest between the mud flows, 
and so In the volcanic activity of the 
Salak and the Gedeh. It la quite possible 
that the oldest mud flows, those which 
have pushed out the farthest toward the 
north, are of Pleistocene age, while the 
younger, those which did not flow out so 
far are more likely Subrecent or Recent. 

If, however, one lays weight upon the fact 
that the red soil type occurs only above 
about 100 m. elevation and, as has been 
mentioned above (see page 570 ) that In 
the time of greatest activity of the Danau 
volcano the sea stood about 100 m. higher, 
then we might suppose that also the older 
mud flow fields from the Salak and the 
Gedeh were either deposited in the sea or, 
after their deposition, had been subjected 
to a bath In the sea. It thus comes to 
the same thing, namely, either the marine 
tuffs themselves had been submerged or 
after being weathered to brown soil, the 
material was submerged In the sea. And 
according to an hypothesis®^ first pro- 
posed In 19 ^ 0 , this treatment would be 
quite enough to bring about the dehydra- 
tion of the Iron hydroxides, thus to de- 
velop a red color. Only thorough research 
In the field, coupled with laboratory re- 
search along many lines, In short a soil 
survey, will be able to prove or disprove 
this hypothesis. 

To the north of the red soil type 


and extending on out to the coast Is a gray 
type of soil. A low terrace face or es- 
carpment, of at most a few meters height, , 
separates the two types. Contrary to Ver- 
beek*3 supposition®^ this gray coastal 
strip of soil. In some places narrower 
and In. others wider In the north and south 
direction Is not a much more recent allu- 
vium, as contrasted with the red, older 
Quaternary soil material but Is rather a 
gray, subaqueously weathered soil type. 

On the contrary, the gray soil has been 
formed from the same material as the red; 
only the latter was subaerlally weathered, 
l.e. It remained above sea level. Before 
man commenced to use all of these lands 
the continuously submerged soil was cov- 
ered with swamp forest, quite similar to 
that which now occurs here and there around 
Tandjongprlok. Later the swamp forest was 
converted Into paddles, so that the soil 
remained more or less under subaqueous con- 
ditions; at most It became more amphibian. 
Thus the gray color also persisted, though 
perhaps somewhat more brown flecked or 
veined In the dry season. Even though the 
population became denser, more paddles 
were not cultivated on the higher, red 
lands. But where the elevations of the 
terrain were only small the paddy culti- 
vators nibbled at them, and gradually 
worked them down to the lower level. Thus 
the blows of the cultivators' hoes acted 
like the abrasive foce of the waves on a 
sea coast and developed what might be mis- 
taken for a wave cut terrace along a sea 
shore. Whether or not there was originally 
a small natural terrace here, I cannot say, 
but I am sure that the above-mentioned ter- 
race was produced artificially In the way 
described. 

It Is very likely that In earlier 
times the gray north coast soils werq for 
the greater part submerged under sea water 
or brackish water. At present, however, It 
Is only the coastal strip In the narrow 
sense which Is still muddy. A large part 
of the material out of which the plain has 
been built up and which had been carried 
out by the rivers from the hinterland was 
andesitic ash and fine sand. So long as 
sea water or brackish water covered the. 


63 . E. C. J. Mohr, Tropical soil forming procesaes and the development of tropical soils, (translated 
froBL the butch hy Robert L. Pendleton), (Peiping, China, 1955), P* 57* 

64. Verheek and Fennema, 1. c ., p. 501* 
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soil, the pH obviously remained above 7 * 
Even later, when that salt water was gradu- 
ally replaced by fresh water the oppor- 
tunity for the development of acidity was 
small. This was because there was still 
much material in the soil which was far 
from being weathered out, so that it was 
not possible for all the bases to be washed 
out from the soil. Hence the reaction 
could not soon become acid. The conse- 
quence was that peat, ollgotrophlc peat, 
could not form. While between the Bantam 
tuff layers one finds peat , neither between 
the Batavia tuff layers nor in the Batavia 
'*3wamp** is any peat to be found. In the 
course of time the gray soil has been 
pretty well leached out, but not even yet 
has been so strongly leached as the some- 
what higher lying red soil. In the red 
soll,®^ however, the pH is still not lower 
than 5 1 hence in the gray soil the pH, in 
■all probability, will not be lower. The 
pH is thus still too high for the formation 
of peat. 

If we now stop to consider how in 
the districts of Tangerang, Kebajoran, 
Meester Cornells, Tjiblnong and Bultenzorg 
agriculture is carried on, then the first 
thing we notice is that as much as possible 
of the land Is irrigated. But even in this 
respect much more Improvement can still be 
made. And for this purpose the Tangerang 
works, among others, have been projected. 

In these districts there is not so much a 
question of the lack of water or the dis- 
advantages of irregular, long continued dry 
periods which may occur, as that of the 
fertilizing action of the irrigation water. 
It is Indeed true that the plant nutrient 
content of the water of the Tjillwong, for 
example, is not high and certainly much 
lower than that of such a stream as the 
Brantas,®® yet as a rule there is much 
water available so that the rice plants in 
the paddies can still get the necessary 
quantity of food materials. In Itself the 
soil is in no sense rich; the older, lower 
red lixivium is poorer than the brown soil 
higher up. On the brown soil, without ir- 
rigation, only a limited ^number of crops 
are possible, and still fewer on the red. 
But if the land be planted to rice and 


irrigated in the west monsoon, then in the 
east monsoon on the brown lands higher up 
(more rain) all sorts of second crops can 
be grown, especially turnips and legumes. 
While in the zone of the red lands it is 
more difficult to do this, yet it is pos- 
sible, though often only with very poor 
results . 

As is the case in a number of 
other regions of the Archipelago similar 
to this, on the unirrlgable lands which are 
poorly supplied with the plant nutrients, 
but physically in no sense bad soils, we 
note tree crops and because of being close 
to the large centers of population, Batavia 
and Bultenzorg, there is a very considerable 
cultivation of fruits . Begun incidentally 
in door yards, the plantings have been de- 
veloped into a more orderly and extensive 
cultivation and at present even to regular 
orchards, in which not only undergrowth 
and fertilizing play a part, but varieties 
are even selected for quality. In addition 
to all sorts of village waste, stable manure 
was the usual fertilizer before the advent 
of extensive automotive transportation. 

But now, since horses and hence farmyard 
manure have become relatively scarce, the 
use of commercial fertilizers is increasing 
(in so far as the yields justify the ex- 
pense). Green manures are also used. But 
both these last two western aids to fruit, 
culture are still far from being generally 
accepted practices. 

Nor Is the question of fertilization 
at all simple, because here there is no pro- 
nounced deficiency of a definite nutrient, 
for example, phosphorus. This is just op- 
posite from the condition In Bantam. Fer- 
tilization here is rather a many sided 
question. For example In addition to pov- 
erty in N and P there has been established 
a definite lack of while Ca and Mg, 

as well as humus, especially ''living humus" 
are to be desired. Thus a few years more 
will still have to pass, before there will 
have been found for the different cultivated 
crops and trees the particular fertilizers 
which are the best and most economical and 
hence to be recommended. 

# « 


65. Cf.i J. Th. White, Vorsl. IJe Verged. Vereen. v. Proefet. Pers. (Oct. 1955), P- 51- 

66. See: L. 0. den Bergdr, and F. W. Weber, Water en Slibonderz. 7. verech. rlv. op Java, Meded. Alg. 
Proefetat. v/d Landb, No. 1 (1919), Table 1 ff. 

67. Of.: J. Th. White, lali, en phosphorzuurbemeatlng op oude later ietgrondon, Landbouv, IV (l928-‘29), 
pp, 1^15-170. Analyeea, p. 145. 
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Pretty much the same conditions 
prevail In the western halves of the dis- 
tricts of Tjlbaroesa and Bekassl, lying 
to the east of the districts we have been 
considering. Parent material, soil, and 
climate are exactly the same. However, on. 
the eastern side of the Tjlleungslr and the 
Kail Bekassl rivers the soli does change.. 
North from the Gedeh complex particularly 
older, Miocene and Pliocene, rocks begin 
to form the foothills of the mountainous 
region. These are the rocks which, the 
further one goes east, especially In Cen- 
tral and East Java and Madoera, come to 
play a continually Increasing role In soil 
formation. Apart from volcanic, mostly 
Pliocene or still younger constituents 
of the mountain (tuffs, mud flows, and 
sands, for the greater part of andesitic 
nature), the Miocene rocks include quartz 
sandstones , coarser and finer marls , clay - 
stones and limestones . As already de- 
scribed more In detail above (Part I, and 
also In Part II), these rocks differ mark- 
edly from' the volcanic rocks of the regions 
here being considered, because upon weath- 
ering to soil they leave behind a great 
quantity of quartz sand and quartz powder 
(this latter particularly In the loams). 
Moreover, in general these rocks contain 
a much smaller quantilty of Iron, a con- 
stituent which in the coiirse of subaerlal 
weathering leaves behind In the soil com- 
pounds coloring it brown' or red and at 
the same time making the soil very much 
looser and more friable. If the view 
expressed previously (pages 526-527) be cor- 
rect, the clay In the soil coming from the 
marls must be predominantly raontmorlllonite 
and not kaollnlte; the high plasticity and 
the great capacity for swelling and shrink- 
ing which this heavy, sticky clay exhibits, 
leads me to believe this to be the case. 

Fine quartz powder mixed throughout the 
clay, however, makes It a tenacious heavy 
loam with less shrinking and swelling. Up- 
on drying of clods in the air the fine 
crumbly ("cauliflower") structure becomes 
less and less conspicuous, and the soli 
forms larger and larger stone-hard chunks. 
Finally with still more quartz dust and 
quartz sand only very few cracks develop In 
the soil and in the extreme case of sandy 
types the cracks are absent and the plastic- 


ity and stickiness are also lost. But In 
West Java the change does not often go §13 
far as this,* for marls and tuffs greatly pre- 
ponderate over the pure quartz sandstones. 

Thus to the east of the Kali Be- 
kassi River the soil of the paddles gradu- 
ally begins to become heavier . The slight 
Increase of Iron compounds , which Is found 
under almost all of the paddles which are 
not entirely too light. Is Indicated by 
distinctly rounded and hard Iron concre- 
tions. The color becomes bluish gray and 
except In the uppermost millimeters the 
soil contains so much Iron in the ferrous 
form that with a crystal of red ferrocy- 
anide one can easily write his name In 
bluish black color on a fresh cut surface. 
Such phenomena are found especially along 
the Tjlbeet River, but the Tjileungslr, 
the Tjikarang, and the Tjlpamlngkls Rivers 
also carry off marl silt, although it con- 
tains a large proportion of volcanic slit 
from the Gedeh complex. The great Tjita- 
roem river does the same but since the 
upper portion of Its drainage basin lies 
between or on the slopes of great volcanic 
complexes this river also carries with It 
large amounts of volcanic soil material 
toward the northern Krawang plain. 

In connection with the large project 
at present being carried out for the Irriga- 
tion of the entire plain which lies roughly 
between the lower course of the Tjltaroem, 
the road and railway connecting Gedonggedeh 
and Tjlkampek, and the highway from Tjlkam- 
pek to Tjllamaja, a number of researches 
are being carried out on the soil of this 
great tract of more than 80,000 hectares. 
From these studies It has been found that 
the soils of this plain are in no sense 
homogeneous. For example there are portions 
north of Krawang which contain quite a good 
deal of fine quartz- sand and quartz powder, 
as they are rather a heavy, pale loam. 

While other parts, for example about Lema- 
habang, are richer In clay and are either 
a looser, red lixivium, or a darker gray 
paddy clay. If a soil survey could be 
made of the remaining reservations, so that 
all these differences could be Indicated on 
a map. It would be very Important In connec- 
tion with the productivity of this soil as 
paddy land, which has been well known for 
years, as well as being useful In connec- 


68. Cf.: p. 131. 
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tlon ¥lth the test cuttings of the tax 
aasesaora. 

That In addition to much fine silt, 
the T^ltaroem also carries sand toward the 
sea Is apparent from the bulldlnc un of the 


rn c 0 a 3 1 a l plain . Of course the main 
movement of water and silt does not occur 
In the east monsoon, but during the west 
monsoon, for with the winds from the west 
a current sets from the west toward the 
east along the coast. Prom the time that 
the Tjltaroem flowed into the sea approxi- 
mately at Rengasdengklok, the clay must 
have flocculated out in the sea and the 
sand settled to the bottom east from the 
mouth, being carried by the currents from 
the west. As a result the mouth of the 
river has been deflected toward the west. 
Without this sea current the river would 
have built out a delta toward the north- 
northeast. Now as the clay settled to the 
bottom out from the shore and in the man- 
grove forest along the coast, the vegeta- 
tion advanced farther northwards. The sand 
grains, however, as a coastal sand bar, 
were rolled farther on and were thrown up 
on the beach between Tjemara and Tjilamaja; 
a locality where the coast faces toward the 
east-northeast. Here the dry winds of the 
east monsoon strike the coast and blow the 
dry sand up into sand dunes just as the 
sand of the Tjisadane is blown into dunes 
along the west coast of the bay of Batavia 
(see page 57B) . Only here the sand is 
farther away from the mouth of the river, 
and thus there is less of it. Apparently 
for a long time the Tjimanook has not 
carried any sand, otherwise there would 
have been more of it thrown up and blown 
up into dunes along the coast between In- 
drama joe and Cheribon. If, however, the 
Tjerimai or other volcanoes which belong 
to the drainage basin of the Tjlmanoek 
ever erupt considerable quantities of ash, 
then dunes would also commence to form 
along the coast east of the mouth of this 
ver. 

Most of the sand of the Tjltaroem 
consists of quartz sand from Miocene rocks. 
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As a consequence the ridges northwest of 
Tjilamaja are not so fertile as those 
lying west-northwest of Batavia. Cocov 
are growing on these dunes, but also much 
bamboo, which the inhabitants are indeed 
in need of, because of a lack of other 
building materials and fuel. The extensive 
treeless plain behind these dunes has been 
entirely converted into paddles. At one 
time there must have been one great swamp 
where now south from Lemahabang — still 
just a little is left. The rivers which 
flow through this swamp during spates de- 
posit upon and behind their banks low, 
sandy ridges. On those higher spots the 
inhabitants now live.^° 




Between the Gedeh complex and the 
soon-to-be-cons Idered Tangkoeban Prahoe 
complex of volcanoes, north from Bandoeng, 
there lies a lower mountainous land , which 
extends through the districts of Tjlba- 
roesa, Krawang, Poerwakarta, Tjlkalongwetan, 
Tjirandjang and Patjet. In this region 
there are especially to be differentiated'"' 
the volcanic Sanggaboewana mountains con- 
sisting for the greater part of hornblende 
andesite; while east from them is the vol- 
canic mountain Parang, likewise consisting 
of hornblende andesite and allied rocks. 
There is also much Miocene hilly land, of 
which the Tegalwaroe Region is the largest 
adjacent portion (see Pigs. 20? and 204 
page 584). "" ' 

Although the two volcanic mountal.is 
just mentioned have broken through the Mio- 
cene layer”"^ and are thus yourp^er, they 
are still already old from the pedologlcal 
point of view. Where the cliffs still 
carry soil, forest is standing. But 
where they are too steep for that, the 
llffs are bare (see Pig. 205, page ^84), 
so that out from these two volcanic regions 
but little soil material is eroded toward 
the rivers and carried away by them. 


^9-70. Comparo th« topographic maps 1:50,000 No. J8/UXVII B and D, and 39/xxxVII A. 

-72. See sheet 30 of the Geological map of Java (1933) by 0. Ludwig with a short agrogeologlcal 
deflorlptlon by M. Stemlan. 

h- Forest which Is maintained because of its protection of water supply. 
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Aerial photo hy the War Department 

Fig. 205 . West Java. The Parang Mts. Laccoliths of hornblende ande- 
site stick out above the much weaker sloping, Tertiary sedimentary 
rocks east from the Sanggaboewana Mts. On the Tertiary materials is 
miserable vegetation; on the hornblende andesite is forest, especially 
below on the steep slopes. Where possible the natives have laid out 
paddles. Smoko in the distance is from burning slash for making 
kalnglns. 



Photo by Bley 

Fig. 204. Tegalwaroe lands, West Java, Rolling land of Tertiary 
marls, etc. Poor vegetation on a poor soil difficult to handle. 

What few inhabitants there are are very poor. 
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Agriculture la carried on only In the more 
or less flat valleys, not on the steep 
slopes. 

If there Is not much to be said of 
this -quite senile, brown to reddish brown 
lixivium derived from the hornblende ande- 
site, the soil types on the Miocene marls 
must here receive more attention, since as 
we are travelling from west toward the east, 
this Is the first time we find these marls 
on the grand scale and In part unmlxed 
with tuff material. Szemlan notes expli- 
citly*^^ that the fine sandy fractions of 
the "brownish yellow quartzltlc marl clay 
soil" are characterized by small "quartz 
grains from granite, beside which there 
are also gauconltlc substances." Prom just 
where In Neogene time this granitic sand 
had come Is not known. This is a question 
left for the geologists to solve. In 
this connection the grain size of the 
quartz grains In the marls, loam slates, 
and sandstones can also give Indications'^^ 
which perhaps deserve more attention than 
they as a rule receive. 

In so far as the climate has no 
marked dry season, In this region there 
develops from the "claystones, clay marls, 
marls, and marly limestones" a "dirty yel- 
low marl soil, poor In quartz" (Szemlan). 
"The permeability for water Is low"; the 
soil thus weathers with difficulty In the 
subaerial manner. Obviously the higher 
the ground lies, the more opportunity there 
Is for air to penetrate, the lower it lies, 
the less. Szemlan thus notes: "Reddish 
tints In this soil are quite exceptional, 
occurring higher up on the hill slopes. 
Elsewhere the color of the profile Is a 
dirty yellow to grayish yellow, with In- 
creasing depth gradually grading Into 
gray," This illustrates how the presence 
or absence of air affects the color. 

The soil is heavy clay, and Szemlan 
measured a linear shrinkage of 19^. Thus 
in drying out the soil shrinks In all di- 
rections, and to approximately half the 


wet volume. Since this marl soil always 
contains more or less quartz dust, which 
in Itself does not shrink. It is evident 
that the colloidal portion of the soli 
must have a very great power for shrinking 
and swelling. Hence we may assume that 
this colloid is not kaollnlte but rather 
montmorlllonlte. The mixture of materials 
which has developed Into this soil was 
originally distinctly alkaline because 
of the calcium carbonate In the sedimentary 
rocks. Thus the conditions were particu- 
larly favorable for the formation of raont- 
morlllonlte. On the other hand, granites 
In a prevailing wet climate, such as for 
example on Bangka and Billiton, are much 
more apt to give rise to kaolln(lte). If 
that was also the case in Miocene or Pre- 
miocene time with the material from which 
these marls wore later developed, then 
this kaolln(lte) must later have been 
transformed to montmorlllonlte. Purther 
observations and experimental Investiga- 
tions will have to decide as to which of 
the three following possibilities is the 
most probable: 

a. In the Miocene rocks kaolln(lte) Is 
still to be found, and during weath- 
ering this is transformed into mont- 
morlllonlte. 

b. Montmorlllonlte Is present as such 
In the sedimentary rocks; for It 

was formed out of kaolln(lte), after, 
the latter had been carried by the 
rivers Into the sea. 

c. Prom the beginning, as the granite 
weathered the material had been In 
the form of montmorlllonlte. This 
montmorlllonlte was formed either 
(c-l) In the course of submarine 
weathering, thus In an alkaline 
system (but this Is not very probable, 
since such quantities of detritus were 
never available for transport). Or 
(c-2) through terrestrial weathering 
under another, much drier climate, so 


'Jh. Compare: Szemlan, 1. c ., p. 45, where will he found various details. 

75. Szemlan, 1. c ., p. 58. 

76. Seo! L. Rutten, Over de herkomst van bet matqrlaal der neog. gest. op Java, Versl. K. Akad. Wet, XXXIY 

(1925), PP. 689-708. 

T7- Cf*: Verbeek and Pennema, 1. c . , pp. 265-264 (Ovtjr de Karlmodiidjawa-ellenden) . E. C. J. Mohr, Bull. 

Dept, Agrlc. Bultenzorg, XLVII (l91l), PP* 47»-51. 

78. Compare pp. 526-52? of this hook. 



586 


THE SOILS OP EQUATORIAL REGIONS 



Photo by L. P. do Bussy 

Fig. 205. MlchielB Arnold lands, West Java. Paddy plain on rlvor 
alluvLim of volcanic material from the high back country (G. Gedoh, 
etc.) mixed with lime and marl silt iVom the Tertiary formations In 
the foregr'ound. Tne latter are not Intensively cultivated. 


that at least for a sufficiently long 
time an alkaline reaction could have 
prevailed. 

Although thus far no facts have 
been found to substantiate this hypothesis, 
It seems to me that the possibility sug- 
gested under (b) Is most likely the correct 
one. Studies of the sediment of certain 
rivers of Bangka carrying kaollnlte, and 
of the sediments In the sea off shore from 
the mouths of such rivers can perhaps throw 
a little light upon these questions. 

* * * * * 


79 

In the Tegalvaroe region Szemlan 
also observed two soil types on Miocene 
limestones ; he differentiated them thus: 
"The limestones of biological origin 
weather to calcareous black earth, while 


the tuffaceous limestones give rise to 
tuffaceous calcareous red earth. "--Now 
according to Ludwlg®° the limestones of 
organic origin are In part reef limestones, 
that Is from coral, Poramlnlfera, shells, 
etc., and In part from calcareous quartz i- 
tlc sandstones. The former rocks are the 
parent material for the calcareous black 
earth, while, If through weathering the 
lime content of the second sort of rock 
disappears, the gray color changes Into a 
rusty, yellowish brown (quartz sand). 
Szemlan^^ does not mention the quartz sand, 
but rather the Importance of the clay con- 
tent. From -limestones of organic origin 
with a low clay content but little- soil 
develops which Is rich In organic matter 
and black In color. With an Increase In 
the clay content the color becomes lighter, 
and the soils gradually grade Into types 
agreeing with the above already -mentioned 
marl soils. "--"As to the calcareous red 
earths, with the increase of the clay 


79. Szemlan,^^ 1. c ., p. 59* 

80. Ludvig,' !, c ., p. 10. 

81. Szemlan, 1. c ., p. 59* 
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content the color shifts from red toward 
brown. " But regarding this tuffaceous mix- 
ture we read that there are "feldspar crys- 
tals, green chlorltlzed little grains and 
fragments up to ^ cm. in diameter, of a 
glass -rich more or less basic rock." 

Whether with the presence of some 
tuff material the color Is not reddish 
black or brownish black, but Is red or 
brown, and whether with the absence of It 
from this parent rock, the soil will be a 
calcareous black earth, Is as yet not 
definitely known. We get the Impression 
that the presence of much Iron In the soli 
furthers the direct or Indirect oxidation 
of the organic matter. If this be correct, 
then the calcareous black earth should 
have especially little Iron. This is a 
point which should be Investigated experi- 
mentally. 

Of all the soil types upon the 
above-mentioned Miocene rocks, the last 
two mentioned are still the best, and the 
calcareous red earths gain that position 
because of their physically favorable 
nature. Even so, from an agricultural 
standpoint they have but a low value, and 
the true marl soils are certainly not much 
goodj they are allowed to remain under 
cogon and spiny bamboo (see Fig. 204, page 
^> 81 *). 

The allochthonous soils along the 
rivers are better, because there has also i 
been washed onto and mixed with the marl 
material some volcanic lixivium. Hence 
the paddles (see Fig. 20^;;, page b86) on 
these soils are of reasonably good quality, 
sometimes better, sometimes poorer, depend- 
ing upon the components which predominate. 

In the north of Tegalwaroe region there are 
clays which have been deposited by the 
rivers. In these soils, besides "con- 
siderable quantities of hard, as well as 
aoft, brown as well as black Iron concre- 
tions and agglomerations of these concre- 
tions, there are also grayish to white lime 
concretions." The pH Is high, to as much 
as 8.3 In the surface soil. The climate 
is quite a bit drier than in the south, at 
least there Is a more definite dry season. 

It Is notable that the rice grows well 
oven with such a high pH; possibly It Is 
because the Irrigation water from the 


Tjltaroem River Is so good. Elsewhere, as 
along the Tjlbeet River are paddles with a 
pH of 4.4 to 3-4, which also give good har- 
vests. It Is obvious that rice can accom- 
modate itself well to a wide pH range. 

For further details the reader 
should consult the explanation accompany- 
ing sheet 30 of the Geological Survey of 
Java. Only this additional remark will 
be added here: Of the approximately 60,000 
hectares comprising the "Tegalwaroe region" 
23^ are wild tropical forest, on the higher 
part of the Sanggaboewana mountain. Twenty 
per cent Is paddy land in the low lands 
along the rivers. Then there Is still 
O.b^ teak forest and O.bf^ rubber and tea 
plantations, and the rest, 86^ of the area, 
consists of useless cogonals, with here and 
there dwarf (parang) trees, and scattered 
clumps of bamboo (see Fig. 204, page b84). 
Such Is the Miocene marl region. In the 
east monsoon the northern and principal 
portion Is dry and then fire sweeps through 
the dry grass plains. Perhaps expert plant 
Ing with teak would give some result, for 
as a whole this Is an unproductive soli. 


* * * * * 


I The high mountains, southwest of 

I the region just now described and lying 
east of the road and railway connecting 
Poerwakarta and Bandoeng have an entirely 
different aspect. The three most Important 
peaks of this volcanic complex are the Boer 
angrang, the Tangkoeban Prahoe and the Boe- 
klt Toenggoel, and the whole complex Is 
younger than the previously mentioned Sang- 
gaboewana and Parang Mts. That Is to say, 
perhaps on the place where the Tangkoeban 
Prahoe and the other volcanoes now stand, 
in the first stage of their formation, 
volcanoes were already standing In that 
same Pliocene or Early Quaternary time. 

But those volcanoes, or their successors 
have then continued their volcanic activity 
,nuch longer and more violently down to the 
most recent times. The Tangkoeban Prahoe 
Is today still active, even within the past 
3b years It has erupted ash.®^ Hence the 
whole landscape Is more juvenile and 


See: Ch. E. Stelin, Tangkoetan Prahoe, Fourth Pacific Science Congress (Java, 1929), Excursion guide 
B.5, pp. 15-16, with hlhllography. N. J. M. Taverne, Vulkaanstudien op Java, Dies. (Delft, 1926); 
and also in: Vulkanol. Medadeel. No. 7 (1926) p. iQ, —with hlhllography. 
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consequently richer In tuffs and ash as 
parent material, which In Itself la still 
more basic. The following fact should not 
be overlooked, namely, that beside a con- 
siderable content of P, the rocks of the 
Tangkoeban Prahoe (see Table II5, page 56 oi 
have a K content of about 2$^ which is re- 
markably high. Perhaps this K has a favor- 
able influence upon the potato cultivation 
in the environs of Lembang, for in this 
locality fertilization with potassium has 
no effect.®^ The detailed geological and 
petrographical study of this mountainous 
region by R. W. van Bemmelen,®'^ followed by 
a short agrogeologlcal description by J. 
Szemlan shows very nicely what great dif- 
ference In rocks, In segregation forms. 

In weathering forms and In soil types are 
possible within the general. Inclusive 
designation "andesite and basalt and their 
subaerial lixivia." It would be far beyond 
the scope of this book to consider van Bem- 
melen and Szemlan* s study as fully as It 
deserves. As to the rocks, we must be 
satisfied with an excerpt from van Bemme- 
len *3 "conclusion": 

"The young eruption centers all be- 
long to the same Igneous province (pacific. 
Intermediate lime-potash rocks: andesites 
and basalts). The phenomenon Is remarkable^ 
however, In that although all these centers 
come from the same general Igneous source, 
the products of eruption of each volcano 
have had a tolerably distinct Individual 
character. The differences are especially 
those, due to the presence or absence of 
olivine and hornblende. Various things 
Indicate that the "magma stoves" from 
which these young eruption cones have been 
built up were more or less Independent. 

The other volcanic complexes on 
Java, such as the great mass of mountains 
south and southeast of Bandoeng, the Dleng 
mountains, the Tengger, and the Idjen high- 
lands, have not yet been studied and mapped 
in as great detail, but I believe that 
studies In those localities would also lead 
to similar conclusions. It would thus be 


Interesting if with the help of chemical 
analyses, among other means, indications 
might be found as to whether or not the 
meltlng-ln of older, quartz -rich, and even 
lime-rlcl^ rocks had taken place in certain 
"independent magma cells." And with suit- 
able means it should be quite possible 
to distinguish soils derived from these 
different products of eruption from these 
several magma cells. 

To the North from the above-men- 
tioned volcanic complexes the lower moun- 
tainous land of Miocene marl ridges com- 
mences, which In the eastern part of the 
Tegalwaroe region occupies such a great 
area. The ejecta of the volcanoes flowed 
out toward the north In the form of mud 
flows, though these lahars were held up by 
the marl ridges referred to. But the rivers, 
flowing from the high mountain slopes In the 
south down toward the sea In the north, have 
cut through these obstructing ridges and 
have built out to the north a vast lowland. 
This lowland may be divided Into a southern, 
more or less rolling, somewhat higher low- 
land, varying roughly between 23 to 100 m. 
elevation, and the northerly very low plain 
lying along the coast. 

Related to this division Into 
topographic zones we also find a zonatlon 
of soil types and land utilization . On the 
highest slopes, from 1,500 to 2,000 m. ele- 
vation, there Is a brown andesitic lixivium 
with a considerable, brownish black, very 
humous surface horizon. Because of the 
need of protecting the water-shed this 
soil ought to be kept covered by forest.-- 
Between about 1,300 and about 300 m. Is 
the zone of beautiful, humous surface soil 
underlain by a brown to brownish red 
lixivium, developed on and from the lahar 
material, as well as from the ash higher up, 
which has come especially from the Tangkoe- 
ban Prahoe. This Is the zone In which, by 
preference, tea is planted, But in the 
highest gardens there Is also much Cinchona , 
while some of the lowest portions, below 
500 m., are planted to Hevea. Above 1,000 rn. 


85. See: de Verslagen Van Bemeetlngaproeven v/h Landb. Inst, v/h Alg, Proefst. v/d Ld. Bultenzorg ( 1929 - 

1935). 

84 . R. W. van Bemmelen, Toel. Blad 36 der Geplog. Kaart v. Java ( 1934 ). Vlth a korte, Agrogeblogleche 
beBchrlJvlng by J. Szemlan. 

85 . In this connection there la still lacking an accanipanylng series of analyses for all but the Tangkoe- 
ban Prahoe! See pp. 555-556 of this book. 
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a considerable portion of the soli Is a 
pseudo -a and In structure, the very small 
aggregates of which make the soil loose 
and friable and also very erosive. Be- 
tween Segalaherang and Kasomalang at not 
much more than 500 m. elevation, there Is 
a plain which clearly demonstrates how true 
lava streams as well as mighty lahars have 
flowed down the slopes from the volcanic 
peaks. These flows, on the surface cov- 
ered by much lava slag, have been blocked 
by higher ridges lying to the north, so 
that the lava spread out building up a 
sort of flat. Sheet 56 of the Geological 
Map of Java shows clearly that this lava 
Is a basalt from a couple of craters of the 
Tangkoeban Prahoe, namely the Ooenoeng 
Malang and the Goenoeng Nagrok.®® Mean- 
while, the slaggy upper surface to a mod- 
erate depth has been quite senlly weath- 
ered and Is a beautiful warm purplish 
brown lixivium with quite a good deal of 
humus. This region Is now a plain occu- 
pied by excellent tea plantations. In 30 
far as the lava stream referred-to flowed 
on further northwards In the direction of 
Soebang, on and along It lie beautiful 
paddles. But from the point where the 
lava ends, at about 200 m. elevation, to 
Soebang, at about 100 m. elevation, the 
highway runs through unutilized Miocene 
hilly land, such as Is found especially 
east of the lava stream and north from 
Kasomalang. 

Below the zone of tea cultivation 
there Is thus between about 500 m. to about 
100 m. elevation the generally less valu- 
able marl zone . These lands might perhaps 
well be planted to teak, although in this 
continuously moist climate the timber will 
not be so hard nor so sound. Still lower, 
between 100 m. and 25 m. elevation is the 
zone In which much Hevea Is planted, as 
well as kapok (Celba pentandra) and cassava 
(Manlhot utlllsslma) . 

As the parent soil material Is In 
part volcanic and In part has originated 
from the marls, brought down by the 
rivers In former times, the soils are al- 
lochthonous and naturally not always homo- 
geneous. It Is generally accepted that the 
greater part of this material was deposited 
In the sea when the level was about IGO m. 


higher than at present, and as sediments 
was shifted eastward and westward by the 
sea currents. Both the mixing and the 
former bath In salt water are the reasons 
why this soil, at present weathered to red 
lixivium, exhibits a moderate but regular 
fertility and why the drier parts are 
planted to lucrative tree crops. In so far 
as It Is Irrigable with water from rivers 
■coming out of the juvenile region of the 
higher volcanic slopes, this soil of course 
makes’ good paddles. Finally, there Is the 
lowland which has been built up In the same 
way In more recent times. Since for the 
greater part It has been formed In the sea 
and along the sea, It has remained under 
.subaqueous conditions and Is thus still 
gray. Originally the whole was covered 
with swamp forest. But from the south 
outwards more and more of this low land 
Is continually being used for paddy cul - 
tivation . Another large portion, which 
lies a little higher and was well drained, 
■is at present extensively planted to sisal . 


# # * # * 


The further eastward one goes In 
the lowland, below an estimated elevation 
of about 100 m. above sea level, along the 
Tjlpoenegara River and especially, on the 
east side of this stream, the smaller be- 
comes the Influence of the volcanic hinter- 
land to the south. In other words, espe- 
cially toward the east, the greater pro- 
portion of the plain has been built up by 
weathering products from the Miocene marls. 
Just as the lower land was, for the greater 
part, formed out of quartz and clay, plus 
more or less lime In the beginning, espe- 
cially the older, somewhat higher land has 
during later times been leached out In the 
course of the subaerial weathering and 
hence impoverished to fine sandy loams, 
reddish on the convex slopes, but gray In 
the concave portions. Rather poorlsh 
cogon grass and spiny bamboo grow on it. 
This terrain Is amongst the very poorest 
of Java and, unless In the last few years 
It has been very much altered, out of this 
expanse one can today cut out a block of 


B6. Van Bemmelon, 1. c ., p. 42. 

B?. Sae Verbeek and Fennema, 1. c ., p. 471. 
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75,000 hectares where practically not a 
single mortal lives.®® It Is thus no won- 
der that the districts of Tomo (Tjongeang) 
and Losarang number hut 130 and 132 persons 
per km.^,®® as compared with the three 
adjacent good districts of Djatlwangl with 
278, Djatlharang 3^5 and Slndang 328 (in- 
dramajoe). All three of these districts 
benefit from the silt brought down by the 
Tjlmanoek River. Conditions In other dis- 
tricts are 3lmllar--the Soebang district 
with soils formed from material with only 
a small portion of tuff constituents has 
l46 inhabitants per km.^, being the most 
thinly Inhabited of the former Pamanoekan 
and Tjlasem region. The southern, volcanic 
mountainous district Segalaherang has 191 
persons, the Pagaden on a Quaternary pla- 
teau of volcanic rocks has 325, while the 
recent coastal districts Pamanoekan and 
Kandanghauer have but 163 and I60 inhabi- 
tants per km. 

Tengwal made an extensive study of 
the soils of the northern low coastal plain 
of West Java. A study which had a limited, 
preconceived purpose, namely, the classi- 
fication of the soli types of this plain 
as to their suitability for growing sugar 
cane. Even so, this survey® was carried 
out In such a way that a number of data of 
general value have been obtained. Anyone 
who may be Interested In this plain or in 
particular parts of It should consult the 
original publication. Below are only a 
few selected points which can be Included 
within the compass of this book. 

If the deposits of the large rivers j 
especially of the Tjltaroem, the Tjlpoene- 
gara and the Tjlmanoek, since young Ter- 
tiary time, could be though of as non- 
existent, we would have a plain of about 
20 to 100 m. elevation In the south and the 
true hlgn plain In the north, both for the 
greater part already formed In quite early 
Quarternary time, from weathering products 
of the young Tertiary rocks. East from 
the Tjlpoenegara lay marls, poor In or free 
from volcanic admixtures. West from the 
Tj llama ja the marls contain more tuff con- 
stituents. This Is noticeable In the 
higher, as well as In the lower plain. In 


the center, especially as to the former 
Pamanoekan and Tjlasem lands, on the 
higher plain that question Is not easy to 
examine because those formations are now 
covered over with old Quaternary volcanic 
material. But In the lower plain, around 
Pamanoekan, there Is still the same very 
heavy, old Quaternary clay as In Lower 
Krawang and in Lower Indrama joe. In so far 
as It has not there been covered over. 

This clay, dark gray In color, lying only 
a few meters above the sea Is so heavy 
because of a considerable content of very 
fine quartz powder, which makes It actually 
an especially heavy clay loam. Upon drying 
out which takes place somewhat slowly, this 
soil cracks strongly Into hard chunks. 

This soli Is, above all, astonishingly 
poor In P: Table 124. This heavy clay 

Table 124 


P 2 O 5 In 0.001^ 



Hydrochloric acid 

Citric acid 


soluble 

soluble 

Indramajoe .... 

35-10 

3 - 0.5 

Pamanoekan and 



Tjlasem lands 

23 - 8 

2-0.4 

Krawang 

38 - 6 

5 - 1.0 


contains Iron concretions in the form of 
small round grains, hall ore or bean ore, 
but at the same time there are In many 
places also lime concretions In the form 
of Irregular, small grains. 

On the other hand In Recent time 
the rivers have spread out fresh deposits 
which are composed especially of volcanic 
material. They have done this through re- 
peated shifting of their beds, which ex- 
plains why elsewhere than along the present 
day channels of the rivers we find old 
banks of rivers (see Pig. 51 , page l83)» 
There are many cases where there are also 
former banks In the low, flat land to the 
left and the right from the streams. These 
"banks" lie somewhat higher than the plain, 
which during the greater part of the year 
lies under water, or at least as a result 


88. See, for example, sheet 4l-D of the Topographic map, scale 1 ; 30,000. 

89 . Census 1930, I. Native population of Vest Java, Table 8. 

90 . T. A. Tengwal, Grondgesteldheld der kustvlakte vaix Indramajoe en Krawang, Meded. Proefst. Java-Sulker- 
Industrle (1926), No. 10; Arch. S. Ind. Ned. -Indie fl926), pp. 287 - 355 , with map. 
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of regulating and draining by man. Is 
flooded. This Is indicated by the gray, or 
at most brovn-threaded gray color of am- 
phibian land. The old stream banks were 
earlier exposed to subaerlal weathering 
and so are now to be recognized as brown 
to red ridges In the low gray plain. 

The Tjipoenegara, the smallest 
of the three rivers named above, has done 
the least for the rejuvenation of the soli. 
Its delta Is also much smaller than those 
of 'the Tjlmanoek and the Tjltaroem. The 
Tjlmanoek, coming out of the heart of the 
Prlangan Is building a broad flat with 
predominantly volcanic silt and a little 
coarse sand extending easterly to beyond 
Karangampel, and westerly to near Eretan. 

In the south of this plain, close to Kan- 
dang Haoer, Losarang, Djatlbarang, Banga- 
doewa and from there on further eastwards, 
at a very small but varying depth under 
that volcanic alluvium there Is a pale 
yellow, fine sandy, older marl loam of 
early Quaternary nature. In the north 
the alluvium Is thicker. But the soil 
type Is still heavy, since there Is quite 
a little marl silt (quartz powder) mixed 
through the soli. Likewise along the Tjl- 
taroem there are alluvial silt deposits; 

In the terminology of this book those be- 
tween Krawang and Rengasdenklok, however, 
consist of overflows. They are stream 
banks of moderately course to fine sandy 
colluvium; and they extend still further 
out to as far as the sea coast. But the 
true, clayey alluvium was carried out into 
the sea and accumulated on the sea bottom-- 
and It continues to sink there. These 
youngest Tjltaroem deposits are Indeed the 
most fertile lands of the entire north 
coast. That Is, most fertile in terms of 
paddy produced because for other crops the 
soil la In general too heavy and as a rule 
is not sufficiently well aerated. Only a 
few crops, such as sisal and bamboo, after 
suitable drainage and some or considerable 
working of the soil can accomodate them- 
selves to this type. Cocos are found only 
on the lightest, most sandy portions. 

Sugar cane can only be planted with hope of 
success on smaller portions of the plain, 


for example, on lands covered with some 
river silt along the Tjltaroem. In Cherl- 
bon®^ which Is in the northern coastal 
portion of this region the sugar cane 
grows almost only on alluvial deposits 
from the Tjlmanoek, which are preferably 
somewhat sandy, volcanic soils. From the 
agricultural point of view It Is always 
very lmportant--a3 for that matter Indeed 
everywhere In the northern coastal plain — 
to see that the land has a slight slope, 
because good drainage Is more important 
than Is usually the case elsewhere. 


# * * # * 


Let us now turn to a consideration 
of the Preanger (Prlangan) proper , made up 
of the administrative districts Soekaboeml, 
Tjlandjoer, Bandoeng, Garoet, Taslkmalaja 
and Tjlamls. The subdivisions of the re- 
gion which we will use here will not, how- 
ever, by any means parallel the administra- 
tive ones, for our units of subdivision 
must rather conform to the distribution of 
the soil types and their parent materials. 
As to this last we can, with Verbeek,^^ 
draw a line transversely across through the 
Preanger from the mouth of the Tjlmandlrl 
river to the mouth of the Tjltandoewl 
river, thus making two main divisions, a 
northern and a southern. South of this 
line are found only Tertiary rocks; a small 
spot In the most westerly corner Is still 
older. On the contrary, to the north of 
this line the greater part Is occupied by 
Quaternary to recent volcanic materials 
although here and there are little bits of 
Tertiary. This difference between the re- 
gions north and south from this dividing 
line is not only a difference In geologic 
age, but for a large part also a difference 
In kinds of rocks and consequently a dif- 
ference In kinds of soils. This last ex- 
presses itself In differences In the den- 
sity of the population of the different 
districts, especially If we take into 
consideration the percentages of those 
districts which are under cultivation. 


91. Bealdee the paper hy Tengwall already referred to, also see; F. Ledehoer, Veral. Veldpr . Proefst. 
Cherlhon ( 19 IO-I 9 II), Meded. Proefst. Java Suikerlnd. (1912), No. 25, Archlef. J. S. Ind. (1912), pp. 
757 - 875 , whore will he found a description of the kinds of soils, as well as maps. 

92 . Vorheek and Pennema) 1. 0 ., p. 507 * 
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In this connection let ua look at the 

9 3 

striking figures from ihe last census for 
the districts lying within the region we 
are considering (see Table 125, page 593)* 
In a nutshell this table gives 
very well the principal features relating 
to the soli. At a glance we can see where 
the soil Is used the most Intensively and 
where the densest population can live upon 
It. The averages for the whole region 
are 215 Inhabitants per lon.^ and 4l^ of 
the area cultivated. All purely volcanic 
districts have a density of population 
greater than the average, all others a 
smaller one . The inhabitants have the 
most difficulty In maintaining themselves, 
that is, obtaining their food, In the marl 
and limestone regions along the southern 
coast, while it Is the easiest for them 
In the purely volcanic regions. This is 
partly due to the Infertility of the 
planted land, but also because the dis- 
tricts recognized as relatively Infertile 
have so very little land which can be cul- 
tivated at all. Because of this, as well 
as because of the effect on the figures 
recorded of the areas of mountain forests 
and of the many European plantations, to 
go further Into the distribution and den- 
sity of the population would, for the pur- 
pose of this book, lead us too far afield. 




In the southern part of the Prlan- 
gan Regencies the rocks from which the 
soils have been derived are almost exclu- 
sively grouped by Verbeek®^ Into the for- 
mations mi, m 2 and m 3 . As long as no more 
recent geological maps of this region 
exist, we must be content with this classi- 
fication, and thus also with the closer 
differentiation of these formations, as 
Verbeek has given them: 

mi--''Brecclas and conglomerates with 
fragments of andesite and of basalt, 
sometimes also of limestone. In a 
finer ground-mass which likewise 
consists of fragments of these erup- 
tive rocks. Sometimes they are very 


hard. "--It seems to me unat these 
formations were probably originally 
lahai^s; thereafter they were cemented 
together by silicic acid (opal, chal- 
cedony, quartz), though Iron oxide 
could also have contributed to this 
result, as well as other secondary 
minerals . 

"Claystones, gray and blue, 
likewise derived from weathered 
very fine andesite grains, with 
small kaollnlte fragments."--! 
surmise that under this head there 
may be Included Illuvial horizons of 
weathering clay, such as describ- 
ed on pages l44, 145. In that 
case we would be dealing with a ter- 
restrial formation and the lack of 
petrification Is in no sense sur- 
prising. 

"Light colored and even 
white sandstones and breccias with 
fragments of pumice stone" we need 
not consider again, for they were 
Included In the discussion of the 
Bantam region, moreover there are 
only small occurrences of these 
rocks In the Prlangan. 

"Gray and green sandstones, 
consisting almost entirely of granular, 
finely broken up andesite; sometimes 
more or less calcareous (Poraralnlfera 
shells)." These I consider to have 
been originally marine deposits, 
banks along the coast, and that as 
a result of the salt water the 
darker minerals had been more or 
less serpent Inlzed, giving the green- 
ish color. 

"intercalated masses of 
eruptive rocks, especially pyroxene 
andesite, basalt, and quartz horn- 
blende andesite (daclte)." 

"Limestone, marls and clay 
slates" do not appear early in this 
•1 formation and need not be con- 
sidered here. 

The climate of the southern Prlangan, 
where the above-mentioned itii rocks are to 
be found, has continuously wet months (see 
the map. Pig. 6 ) with only a limited region 
In the west, facing the Vljnkoopabaal and 


95 . Volkfltelllng (l950), I. Inh. Bov. van WeeWava, Tabla 8; oolumn 7 has boon calculated In ^ of column > 
94 . Verbeek and Pennema, 1. c ., pp. 924-927. 
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Table I25 

CULTIVATED LAND AND DENSITY OF POPULATION ON SOII 5 


DERIVED PKOM VARIOUS EENDB OF ROCKS 


District 

Principal parent rocks 

Cultivated 
land in ^ 
of the 

total area 

Inhabitants 
per km , ^ 



Slndangbarang 

Miocene marls in2 

8 

k2 


Marls 

Paraoungpeuk 

" '' •' 

Ik 

35 



Boengboelnn 

” ” " (+ breccias mi) 

17 

37 



D,)ampang-koelon 

Miocene: mj^ m^^ limestone m3 

16 

6k 

Coast 

Llmo- 

' TJldJoelang 

" : limestone m 3 

5k 

79 


stone 

Karangnoenggal 

” •• " ”3 

50 

88 



TJlkatomas 

: m3 + m 2 

37 

92 



Palabooanratoe 

" : m^^ (+ old volcanic) 

21 

93 



DJampnng-ten^’ah 

" :mj+m 24 -m 3 

22 

101 



TJlkadJan/:^ 

m^ (+ volcanic V) 

28 

127 



Soekane(7ara 

'*■ ®2 volcanic V) 

32 

158 



Pangandaran 

ra + m3 + alluvium 

^5 

Ikl 



Taradjoe 

m^+nii+ras-*- volcanic V 

62 

163 

Tran- 


T.llrandjang 

mixed 

36 

177 

sitlon 


Soreang 

raj + volcanic 

30 

179 



Bandjar 

(m + alluvium 

31 

183 



TJlkaloTpj;-koolon 

ra ^ + volcanic 

k2 




TJlkalong-wetaii 

.. ^ 

k7 

198 



TJllllln 

mixed 

k6 

210 



Rantjah 

10^+ VOlCEUllC 

78 

228 


r 

TJitJooroeg 

much mountain forest and plantations 

kl 

258 



Bandjaran 

" " • •’ " " 

k3 

277 



Pat Jet 

” " ” " " 

52 

292 



Pandjaloe 

fi rf II It u 

6k 

29k 



Tjlbadak 

II II It n • II 1 

30 

296 



TJlparaJ 


k9 

503 



Singaparna 

volcanic 

6k 

317 



Manondjaja 

" (+ some and m^) 

75 

522 



TJibeber 

" + 

63 

325 



Kavall 

” + m 2 

81 

532 

Vol- 


Bajongbong 

" , much mountain forest 

33 

5^5 

canic 


Bloeboer-llmbangan .... 

" + volcanic alluvium 

72 

361 

moun- 


TJltJalengka 


72 

385 

tanoue 1 


TJlamls 


80 

kOO* 

re- 


TJlbatoe 

11 ri .1 

72 

k25 

gions 


Lembang 

” , much mountain forest and 

55 

kkl 




plantations . ** 





Leles 

" + volcanic alluvium ** 

71 

k5^ 



TJlandJoer 


92 

k70* 



TJlawl 

n «-» 

7k 

k76 



Trogong 

„ ^ n « 

6k 

31k 



Oedjongbroeng 

n ^ n *1 'im- 

79 

529 



Garoet 

^ n n 

75 

330* 



Soekaboeml 


70 

5k3’' 



TJlmahl 

n It ft ** 

86 

560* 



Taelkmalaja 

It 

85 

61^ 



Bandoeng 

It ^ It « ## 

76-88 (?) 

780* 


*, According to the population and the area of the town of thla name. 

* . Hare profltted by the fresh volcanic ash from the Oaloenggoeng, Goentoer and the Tangkoeban Prahoe. 
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Photo hy Bley 

Fig. 206. Ravine In the DJampange, West Java. Typical "hloekar" 
(second growth forest and shrubs) on kalnglned slopes of % mountain 
slopes, of old volcanic con,;lomerates. Soil a senile reddish brown 
to red lixivium. 


the Zandbaal, which have a short weak dry 
season. As a consequence of the general, 
continuously leaching weathering, brown 
and red lixivia are the foremost soil 
types. 

In this connection two points de- 
serve attention. First, whether the rocks 
did or did not come in contact with sea 
water, and if so, for how long. Secondly, 
how old is the soil; in other words, in 
which weathering stage is it now. 

In so far as these rocks had never 
had -contact with the sea, the juvenile, 
brown to reddish brown kinds of soils de- 
veloped from them are difficult to differ- 
entiate from similar kinds of soils devel- 
oped from younger volcanic formations. 

But in part the soil types as soil are 
quite old and thus quite senile and at the 
same time are becoming more and more red. 
Vast regions which have been kaiflglned 
carry at present only miserable, low, sec- 
ondary dwarf forest ( bloekar ) (see Fig. 

206) . 


As the mechanical analyses show,°^ 
sand which could weather further is no 
longer present. But in Djampangkoelon one 
repeatedly comes upon more or less broken 
up thick layers of lateritic iron ore , to 
as much as 1 m. thick. These are the re- 
mains of the illuvial iron oxide layer, 
laterlte, described on pages 144 ff. 
Entirely in agreement with this condition 
are the lamentations of planters who have 
gardens on nii lands and who complain of 
the occurrence of layers of white clay Im- 
pentrable for water and also for roots. 

This is an illuvial clay horizon.®® 

In so far, however, as the rocks 
had Indeed been in contact with the sea 
and the components had undergone their 
first alteration In the sea, the kinds of 
soil formed subaerlally from them, even 
up to a considerable altitude above the 
sea, are still on the red than on the brown 
side. The strong brick red can then become 
even more a rose red. At the same time 
more clay minerals, kaollnlte or 


95 . J. J. B. Deufis, Theegronden van Java an Sumatra, Maded. Proafet. Thea UOOCIX (1924),— Tab las! 

96 . Compara: Da Bargculturea 1, II (192?)/ PP« 1246-1249. On Florae (eae pp. 240, 24l, and Fig. 22, 
p. 149) ara found Idantlcal brokan maBsas of latarita and tha clay horizon. 
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montmorlllontte, crystallize out somewhat south of the Priangan. Apparently the 
coarser, but yet still quite fine, so that parent land of this quartz-rich material, 

in the frequency curve of the mechanical in the form of an extensive granite high- 

analysis the finest silt fraction is some- land, lay in the direction of Borneo, 
what smaller, and there is somewhat more The coarse quartz sand was carried out 

of the 2 or 5 coarser silt fractions (see southwards as far as present day Java only 

tables of Deuss, above referred to). in North Rembang, Soerabaja and Madoera, 

As was described on page 145, under while the finer quartz sand came on far- 

the white clay layer sllicif Icatlon has ther south and farther west, though in the 

taken place. Consequently in old wi tracts, Miocene time not much of it got as far 
as in Djampangkoelon, and also elsewhere in south as the present day southern Priangan. 
Priangan, there are found many chalcedony At most only very small grains of 5 to 20 
nodules which show many colors and markings, mu.; a still smaller quantity as grains of 
At present these are being cut into beautl- 20 to 50 mu., and practically none of the 
ful semi-precious stones. coarser grains at all. The mlneralogical 

analysis of the sand fractions resultirg 
from the mechanical analyses Illustrate 
this, although Deuss makes no particular 
* * * ^ * mention of the quartz grains. But in 

this connection we must bear in mind that 
in this paper Deuss was dealing exclusively 

m 2 --''Weak marls mostly of gray tints. Marl with "tea soils," and that practically all 
sandstones, likewise of only slight these soils, also those which frill under 

hardness. Lime marls, marl limestones, Verbeek's «2 tracts, are physlclally better 
and limestones; harder than the former, than the well known soils from elsewhere— 
and which may be called rocks."— One the heavy, gray marl soils of the ife forma- 
and all are marine rocks, which through tlon which are certainly avoided for tea 
leaching In the continuously wet cli- cultivation, 
mate lose their lime, leaving behind 

clay or loam. This soil can be gray or ii 3 --"Llme marls and marl limestones of 
grayish, but also on convex terrains light gray tints, frequently in plates 

can be oxidized to more or less of a 2 to 6 cm. thick. "--They rtave as a rule 

red, especially if a little fine vol- a higher lime content than the rocks of 

canlc ejecta has been Included with m 2 , though of course this lime washes 

the material. It is true that "erup- out. The nature of the admixture de- 

tlve masses of andesite and basalt termlnes what the nature of the residual 

occur at most but seldom" in this for- soil will be. 

matlon, nor are there many "volcanic "Limestone, mostly with a little 

conglomerate and breccia layers between weathered andesitic gravel, sometimes 

the marls." But* in places there is however consisting entirely of calcium 

still enough of this material to some- carbonate. The more marly "the lime" 

what color the pale clay or loam, and (thus richer in clay) "the less the 

the iron hydroxide somewhat reduces the hardness"; thus also the more rapidly 

heaviness. it weathers. 

The coarse quartz grains, such as The andesitic materials which are 

those which have been found in the «2 an admixture in these formations determine 

rocks of the Tegalwaroe region and more the nature of the soil. The cultivation of 

3tlll farther easterly, north from the tea is possible in but a few places, espe- 

Tampomas, and which give Inducement to the dally where enough auch andesitic soil 
forming of soils varying from lighter fine remains over in the form of red lixivium, 
sandy loams to heavy loams, with a high Since tea prefers an acidity of about 5 to 

3llt content, do not occur again in the 6, soils which still contain bits or 

97 . J. J. B. Deuea, Hsded. Thee proefst. LXXXH (1924), pp. 47-57» Only on pp. 42-44 was ^nartz even 
incidentally mentioned. 
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fragments of calcium carbonate, or where 
carbonate rocks lie close to the surface 
can at once be judged unsuitable for this 
crop. 

In the localities with the Neogene 
rocks we have just mentioned, the valleys 
and ravines differ depending upon the na- 
ture of those rocks. In the predominately 
eruptive mi rocks, the valleys where the 
Inixabltants cultivate paddy have relative- 
ly steep slopes and are moderately wide to 
narrow. The soil Itself Is not rich, but 
most of the water of the streams and 
larger rivers comes from the young volcanic 
hinterland In the north and northeast and 
brings fertility from that region with It. 
All the land which Is Irrigable Is irri- 
gated. These regions, by nature endowed 
with excessively much rain and (because of 
that) have a poor, but physically good 
soil for cultivation, form the classic ex- 
ample of the necessity of Irrigation, not 
for the water, but for the plant food sub- 
stances brought along with the water. 

Where It Is possible water from the moun- 
tain rivers Is used to Irrigate the slop- 
ing valley sides, even though sometimes It 
is necessary to use long ditches to get the 
water onto such lands. The Inhabitants 
also lay out paddles there. If that can- 
not be done, as on Isolated hills, then 
the senile soil is not used at all or the 
villagers plant trees and bamboo on It, for 
these deep rooting slowly growing plants do 
quite well. In the north of the Djampangs 
one can observe various things which are 
favorable. In the west where there Is no 
river In contact with high, young volcanic 
mountainous land, only few paddles are 
found and the ravines are also quite nar- 
row. But In the east, where that contact 
does exist along the Tjltadjoer and the 
Tjlboenl Rivers, as well as along the upper 
course of the Tjlsokan with the Tjlherang, 
there are extensive groups of paddles. 

In so far as marls predominate In 
the mg focks, the stream and river valleys 
have a broad V-cross section but the oppor- 
tunity for paddles Is small. There Is but 
little flat land along the rivers and to 
lay out paddles on the slopes won*t do, 
since these slide down bodily because the 


moist clay or loam of the dikes and terracea 
Is too plastic to stand in place. On the 
topographic maps (scale of 1:50,000) the 
differences between the previously men- 
tioned regions mi of favorable water sup- 
ply and these ig regions are shown very 
clearly. In so far as hard marls and 
limestone predominate, the ravines are 
steep and cut down deeply (see Fig. l9, page 
139) without flat land In the bottom, as I3 
also usually the case In the roa limestone 
tracts. Consequently there Is little 
opportunity for the laying out of paddles. 

In the Djampangs the higher m^ re- 
gion, In so far as it Is not too much cut 
up and too rough, has for the greater part 
been Included In European plantations — the 
higher portion especially for tea, the lower 
mainly for Hevea. 

As has already been stated, the 
senile soil Is far from rich. In connection 
with this In the cultivation of tea great 
Importance Is attached to the preservation 
of the humous surface soil, and much care 
Is expended to that end.^® A young planta- 
tion thus profits from the plant food sub- 
stances which the former forest trees had 
drawn up from great depths and have concen- 
trated In the humous layer. Meanwhile the 
tea bushes can continue to grow and In the 
relatively loose soil develop an extensive 
network of roots to a considerable depth 
and In so doing can continue to do well. 
Nevertheless, It appears that fertilization 
with N (ammonium sulfate as well as organic 
manures) and P (especially basic slag) as a 
rule appears to be economically justified. 
All the soils referred to conform more or 
less closely to the characteristics of 
senile red lixivia — they have a very low 
content of easily soluble P, especially In 
the subsoil, while the content In the sur- 
face soli seldom exceeds 0.002-0.006^ P 20 ‘p.^'^ 
In most of the surface horizons of these 
soils the content of Ca soluble In HCl Is 
not even 0.2^, though a small number have 
as much as 0.5-1^. Since the tea planta- 
tions generally lie between 400 m. and more 
than 1,000 m. elevation, the figures for 
the content of organic matter are- still 
relatively high, namely about 6^, while 
there are some figures of more than 10^. 


98. One may read about this In: Th. G. E. Hoedt, Overz. Werkz. Proefat. West-Java betr. theeoult. (1954) » 
In: De Bergculturea II (1935) ^ P* 815 ff. In particular p. 8l9- 
99* See: J. J. B. Deuss, Theegronden van Java en Sumatra, Meded. Proefat. Thee ^ (1924), p. 86 ff. 
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Photo by Bley 


Fig. 207. Pfltoeha mountain, Prlangan. The high tea garden extends 
up against the tropical high forest. Soil a beautiful humous brown 
lixivium, with mountain granulation. The plantation is terraced to 
prevent serious erosion. 


But also others (presumably in eroded gar- 
dens) contain less than 2'^. It is indeed 
a great pity that the tables of Deuss, 
from which these data have been taken, do 
not at the sane time give the thickness of 
the horizons, espeically those of the 
above-mentioned soils. Also the tables 
would have been of very much greater value 
If they had Included at least one profile 
from the surface downwards through all 
horizons, so that we would have had com- 
plete chemical analyses of typical pro- 
files. It should also be mentioned that 
the figures of the matibre noire and the N, 
and the considerations baaed upon them, are 
Interesting. However, we cannot here con- 
sider these at length; the interested 
reader should read the original publica- 
tions by Deuss. 


At first glance the young volcanic 
I LQantains of the Priangan appear to be 


quite uniform as to nature and outward 
aspect, but upon closer consideration they 
are found to possess even more than the 
usual differences as regards the aspect of 
the soil types which are to be found there. 

In general the country is high; 
especially the Goenoeng Kendeng range in 
the west, with the Patoeha, the Malabar 
group, the Kendeng complex, witli which the 
Goentoer in the north and the Papandajan 
in the south can also be Included along 
with the Tjikorai, and the Galoenggoeng. 

The whole region for a large part lies above 
l,h00 m.; some plantations even extend up 
higher than 2,000 m. while the highest moun- 
tain tops are still a couple of hundred 
meters higher (see Fig. 20? above). It is 
evident that differences in elevation, say 
from 000 to 2,300 m., must find expression 
in differences in the himuis content of the 
surface soil. 

Further, even though we can also 
lump together all rocks of these mountains 
under the broad terms of "andesites and 
basalt," yet there are differences. This 
is evident from sheet % (Bandoeng) of the 
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new Geological Map of Java. In fact It is 
even true of only one volcanic complex, the 
Tangkoeban Prahoe, on the map of which are 
given a full half dozen "eruption forma- 
tions." Moreover two of these formations i 
carry In their designation the qualifica- 
tion: "not further differentiated on the 
map." We can easily picture to ourselves 
what differences will be found In all the 
other above-mentioned volcanic complexes. 

In the large Table 115, page 56O 
may be found a number of analyses of 
samples from Tangkoeban Prahoe, regarding 
which I have already called attention on 
page 588 to the relatively high K content. 
Samples from Mts. Boerangrang, Geontoer and 
Galoenggoeng show significantly lower P and 
K figures, but on the contrary markedly 
high Ca and Mg. As to P and K Mt. Papanda- 
jan has more nearly average amounts. A few 
samples have a relatively low FeO content, 
others much more than enough In order that 
all the FegOa plus TIO2 may be cemented to 
"ore," so that If weathered subaerlally 
these rocks will give rise to dark brown 
soils. In short, detailed rock analyses 
can Indicate Important characteristics and 
peculiarities of the rocks and of those 
soils derived from them. 

Moreover, differences In age, just 
as mentioned on sheet ^6 will also play a 
significant role, perhaps even more as to 
problems of soil science than regarding 
purely geological problems. Isn*! It true 
that for the geologist the greater Inter- 
est might be as to whether a definite ande- 
site occurrence Is Pliocene, Old Quaternary, 
Young Quaternary, or Recent time, while for 
the soil scientist age Is certainly of 
still more Importance, because that Is con- 
nected with whether the soli which Is re- 
sidual on the rock Is senile, virile or 
juvenile? 

Therefore It Is here expressly 
stated that besides the Tangkoeban Prahoe, 

In historic times the Galoenggoeng, the 
Goentoer, and also the Papandajan have 
erupted and may break loose again any 
day. However, It may quite well be a 
century or longer before any one of them 
erupts again. On the other heuid there are 
volcanoes, such as the Patoeha or the Tjl- 
koral, which are permanently extinct. 


Consequently around the first named vol- 
canoes are found the youngest products of 
eruption, fields of ash and lahars, and 
accompanying these volcanic products are 
the youngest and at the same time the most 
fertile soils. Consequently population Is 
the densest on these formations (see Table 
125, page 595). 

***** 


With the exception of some plains 
which on all sides are shut In by higher 
mountains, and these will be spoken of 
farther on, the climate under which these 
volcanic products lie shows never a single 
continuously "dry month" (see the mdp 
Fig. 6), Consequently brown lixivium Is 
the soli most likely to be expected on 
these basic volcanic rocks. The older and 
more senile the soil Is, the redder the 
brown becomes. The higher the elevation 
and the more nearly untouched the soil has 
been under forest, or until recently has 
lain undlstrubed under forest, the higher 
the humus content Is. The more fresh ash 
the soli contains, the sandier It Is. The 
higher above 8OO to 1,000 m. a virile or 
senile soil type lies, the more clearly the 
mountain granulation Is developed. These 
are Indeed the foremost criteria according 
to which a Prlangan mountain soil is class! 
fled. These criteria are also of practical 
Importance, for example, for the cultlvatloi i 
of Cinchona . ^ 

"From the numerous examples .... It 
Is now definitely known that the good 
soils can almost always be differentiated 
from the bad localities by a large number 
of very special characteristics, of which 
..♦.the following may be selected for spe- 
cial mention: -- 

(1) a higher content of sand; 

(2) a higher humus content; 

(5) a higher air content; 

(4) a higher percentage of matlbre noire 
In the organic matter; 

(5) a higher content of easily available 

P2O5; 

(6) a higher figure for the degree of 


100. P. Pzn. Spruit, Beoordeel. klnagrondon n. gegev. vorkr.d. anal. v/d. bodem, Bergculturea I (19?^)' 
p. 655 . See also* Cinchona VI (1929), pp. 54-111. 
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saturation of the soil colloids; and 
(7) a higher content of lime." 

Regarding (l). The higher content 
of sand^®^ Is a favorable factor, in the 
first place because It makes the soil 
looser and more friable. But then also in 
the second place because this sand is 
really "coarse ash" and therefore functions 
as a mineral reserve, with a favorable In- 
fluence upon the factors mentioned under 
(5); (6), and (?)• Part of the sand, how- | 
ever, and sometimes the major part of It 
Is not unweathered sand at all, but on the 
contrary la "psendo-sand" or "seemingly 
sand," which already previously (page 150) 
was pointed out to be grains mostlv between 
the size limits of 100 and 500 mu, but 
sometimes between wider limits. These 
"grains" are lightly cemented agglomerates 
of weathering minerals which behave in the 
soli as sand grains, and which in the moun- 
tain soils above 1,000 m. elevation do not 
easily break down. 

Regarding (2) and (4). The rule 
that the higher the soli lies, the higher 
the humus content, may be approximately 
correct for undlstrubed forest soils, yet 
in practice there sometimes occur many and 
sometimes wide divergencies, particularly 
where erosion has been marked. From the 
extensive series of data by Deuss it 
will be noted that the content of organic 
matter varies between 28 and 2^ and that 
the average Is roughly 10^. Of that, 
about 2/5 Is "matlfere noire," which in the 
most extreme cases may Increase to about 
2/5 rds , or may decrease to l/8th. Thus 
there Is a considerable variation In the 
amounts. The cultivation of tea can adapt 
itself quite easily to such varying con- 
ditions, but the requirements of Cinchona 
cultivation are very severe. Consequently 
the content of orgemlc matter ought not to 
fall below and that of matlere noire not 
under This may explain why. In 


growing Cinchona, so much use Is made of 
green manures, particularly where the humus 
content Is rather low. Also In the produc- 
tion of tea methods of cultivation are given 
much attention. But since tea Is somewhat 
more modest In Its demands than Cinchona, 

It Can be planted on somewhat poorer soil 
and also under climatic conditions where 
some drought may occur earlier in the 
season. Therefore on account of the com- 
petition of the roots In these marginal 
cases green manuring for tea is not with- 
out danger, not only because of the rela- 
tively poor supply of plant food substances, 
but also because of limited soli moisture 
In a more or less dry season. 

Regarding (5)« For Cinchona the 
optimal pore space lies at about 27^* This 
is the same figure which Is considered to 

104 

be desirable for very good tea "soils. 

If the pore space falls to less than 20^ 
the Cinchona quickly suffers. Tea, on the 
contrary, is somewhat less sensitive. 

In comparison with many clay soils 
of the low lands, these mountain culture 
soils are Indeed very "airy." This Is due, 
on the one hand, to the high humus content, 
on the other to the "mountain granulation," 
which the "sand" content of the soil, even 
though it be only a pseudo-sand, so con- 
siderably Increases. 

As regards the water capacity of 
the soil. Spruit and Deuss have expressed 
it In this way.^°^ The maximum water 
supply, which is the difference between the 
water content at the liquid limit and the 
hygroscoplcally bound moisture, should 
preferably be between 45 and 60. If the 
amount is lower than this, then these light 
soils dry out too rapidly and the plants 
suffer from a lack of water. If the value 
Is higher than that then there is a lack 
of air. 

Regarding (4). A few figures have 
been already mentioned relating to the raa- 
tldre noire. It is certainly the most 
active part of the organic matter and the 

of the Soil Science Institute at Bultenzorg, calls 


101. Spruit (Cinchona 6 j 43) following the practice 
sand the fractions frcm 2 iflni,-0.25 mm.; clay that which Is smaller than 2 mu, and the fractions from 
250-2 mu the loam fractions. In Europe the fractions 250-20 mu are almost always called fine sand 
to dust sand or meal sand. 

102. Ibid . 

105. See tables In; Deuss, Theegronden v. Java enz., Meded. Proefst. Thee pp. 59-81; and Spruit, 1. 0. , 

p. 81-88. 

104. Spruit, 1. 0 ., p. 58. 

105. Spruit, 1. 0 ., p. 62. 
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higher Its proportion la to the total or- 
ganic matter, the better. It la the atore- 
houae of the plant food aubatancea such aa 
N, P, K, Ca, etc., of former vegetation 
coming back onto and Into the aoll and 
concentrated In a place where It la eaally 
available to the plant roots, so It can 
again enter the cycle. If the surface aoll 
be eroded away, then since the essence of 
many generations of plant life la concen- 
trated In this, aa well aa the active life 
of the microflora In the soil, the loss of 
this material Is much more serious than the 
loss of the freshly fallen plant parts. 

Regarding the significance of 
erosion , In this connection we may compare 
two seta of contrasting conditions, namely: 

a. Acid, Iron-poor volcanic ash, aa con- 
trasted with basic. Iron-rich aah, 
and 

b. Juvenile aoll, In stages 1 to 2, aa 
contrasted with senile soli. In 
stages 3 to 4. 

We thus have four soil types as 
extremes, contrasted with each other, the 
differences of which are expressed most 
markedly In the subsoil. In order to 
eliminate further complications we will 
suppose that all of these soil types are 
at an elevation of 1,000 to 1,500 m., with 
a considerable humus layer, and under 
forest. Moreover, the ash Is assumed to 
be of the same degree of sandiness; the 
slope of the land of all four being alike; 
and the rainfall equally abundant. Now 
what about erosion and Its significance? 

I. Acid, juvenile ash soils : -- 
Humous layer and subsoil both very porous 
and pervious . Except In the case of very 
heavy showers, the rain Is absorbed and 
rapidly percolates down. The humus, es- 
pecially the matlbre noire. Is washed down 
Into the soil. The humous layer grades 
gradually Into the subsoil, down to a con- 
siderable depth, perhaps as much as 1 m. 

If surface erosion does not take place, 
the result Is that the soil which remains 
behind Is not "something entirely differ- 
ent," but through continual self-lmprove- 
ment can become like the earlier soil. 

The crops on It, for example tea, find 
adequate moisture and with the help of 
this moisture obtain adequate food 


materials. Erosion Is moderately serious, 
but with the help of green manuring In 
continuing a modest supply of humus. It 
may be kept In control. 

II. Basic, .juvenile ash soils . -- 
In the main the same may be said of these 
soils. Only the weathering runs faster, 
the soil moisture Is richer In basea and 
In P. Because of this the soil flora Is 
more actlve--ln a word the natural fer- 
tility Is greater. Since the breaking 
down of the humus Is more Intensive, ero- 
sion under the conditions of cultivation 
Is more serious. Therefore greater need 
for back sloping terraces (see Pig. 208, 
page 60l) and more Intensive green manuring. 

III. Acid, senile ash soils 

The Iron-poor, pale yellow subsoil Is more 
or less heavy and much more difficultly 
permeable. The lower limit of the moun- 
tain granulation lies farther upwards, to 
about 1,500 m. and higher. The humus sur- 
face layer Is thinner and less mixed with 
Inorganic soil constituents, thus richer 
In organic matter. The surface soil Is 
more sharply differentiated from the sub- 
soil and less than l/^ m. thick, In ex- 
treme cases even less than 1 dm. In the 
humous layer the rain can still be taken 
up quite well, but only with much more 
difficulty Is it passed on to the sub- 
soil. The surface layer thus rapidly 
reaches saturation and supersaturation and 
then erodes easily. On open terrain or 
under a crop which does not cover the soil 
completely, erosion must lead to. a bare 
subsoil, down into which little or no 
matl^re noire has been washed. In this 
extreme case erosion Is simply fatal. In 
the long time during which the soil is be- 
coming senile and the subsoil has gradually 
but certainly been leached out, the hydro- 
gen clay has become more solid and thicker 
and since the subsoil had so little to 
offer--no food and even no water (because 
of the difficult permeability), the plant 
and tree roots have become concentrated 
more and more In the upper humous layer. 

Even green manures can no longer help this 
condition, for they themselves cannot grow- 
This Is an extreme of Infertility. For- 
tunately this type does not opcur In the 
Prlangan. 



Tn . Oovomnent Quinine plantation, TJlnJirocan, Prlan^an 

Beaut m dark colored, huinous volcanic mountain soil. In 

tXiThi; 



Photo by S. J. Wljmenga, Air 'Transport 
Sect. N. I. L. 


Fig. PO9. Plateau. Of Fengalengan, Prlangan. In the center Mt. Win- 
doe, to the right behind It Mt. Wajang, In the distance Malabar Mt. 

In the foreground are tea plantations. There are also cinchona plan- 
totlons (darker In color back up against the tropical high forest) . 
Ideal soil conditions for mountain plantation crops. 
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rv. Basic, senile ash goUs .^-Aa 
long as the soil still has a brown to 
reddish brown subsoil the latter is still 
reasonably permeable, because of the high 
content of iron hydroxide in it. The moun- 
tain granulation which Increases the perme- 
ability, and also the washing down through 
the profile of the matlere noire, begins 
already below 1,000 m. Though this sub- 
soil is just as poor in plant food sub- 
stances as the previous one, yet what is 
present is more easily available for the 
roots, which can penetrate down through 
the profile. They are also more available 
because of the accelerated water circula- 
tion. Erosion of the humous surface layer 
is also vigorous, in fact more serious than 
in the cases of groups II or I, but much 
less fatal than in the case of soil group 
III. Hence there is still much which can 
be done through careful timely covering of 
the soil, digging of pits, etc. to retrieve 
the losses and to prevent further damage. 

If however, the subsoil has become 
so old that the iron hydroxides have lost 
their water and crystallize as goethite or 
hematite, and apart from that leaving be- 
hind a pale clay, which is colored red or 
rose color by the iron oxides just men- 
tioned, then the permeability decreases and 
the conditions more nearly approach those 
described under III. 

New what we actually find are inter- 
mediate forms. Over the greater portion of 
its surface Sumatra has parent materials 
for soil formation which are more on the 
acid side, while Javanese parent materials 
are as a whole more basic. But on both 
sides the margin is quite wide, so that a 
large part of both groups have much in 
common. Moreover, in Sumatra almost all 
forest soils and certain agricultural soils 
lie between I and III, while in Java they 
are between II and IV. Thus it is a ques- 
tion as to how far the weathering has al- 
ready phogressed. And then one can say: 
in proportion to its senility. The more 
acid and poorer in iron the original rock 
vas , and the greater the degree of senility 
of the soil, the greater the chance of 


failure under cultivation. 

That this is especially true as to 
the good "water and air relationships" is 
clearly set out by Spruit. The reader 
can find examples for comparison in Slan- 
tar (pages 487-490), Sumatra's West coast 
(pages 507-509) and among the tea soils and 
Cinchona soils of Java (Deuss, 1. c. and 
Spruit, 1. c . ) . The high plain of Pen- 
galerigan gives a beautiful picture of the 
last mentioned sort of soils (see Fig. 

209, page 601). 

Regarding (5), (6 ), and { 7 ) » 

Briefly, the magnitude of these values 
depends upon how juvenile the soil is. For 
Cinchona, Spruit showed that a high degree 
of saturation of the absorption complex, 
in particular with Ca and Mg, is accom- 
panied by a higher production. The degree 
of acidity, or pH, "varies between 4.5 and 
6.5, with a relatively wide optimum at 
about 5*6." As already mentioned tea can 
successfully endure a higher degree of 
acidity, thus lower pH values. 

As to leaching, it has been men- 
tioned repeatedly that of all the bases 
the Ca washes out the quickest. Na fol- 
lows, then Mg and K. In this connection 
Spruit^^”^ has brought interesting facts to 
light. In good, not eroded soils covered 
by mountain forest, in the sorption complex 
the Ca content decreases with depth from 
the humous layer (about 0-25 cm.) toward 
the lower horizons (25-40 cm. and 40-60 cm.), 
while the Na content Increases with depth. 
The explanation lies in selection by the 
vegetation, which takes up Ca the most 
rapidly and in the largest quantity, while 
for the most part it shuns Na. Hence the 
humous layer can Indeed be richer in Ca. 
Potassium and Mg lie in between Na and Ca. 

If we now take into consideration the ero- 
sion of the uppermost portion of the soil, 
which even in tropical high forest is by 
no means negligible, then where the erosion 
is the most Intense the new surface possesses 
not only less humus and matifere noire but 
also less Ca and relatively more Na. The 
following Instructive figures have been 
taken from a table by Spruit (see Table 
126, page 605): 


106. Spruit, 1. c ., pp. 62-63. 

107. P. Pzn. C. Spruit, Beschouw. bmtrent bljzonderh. hooggelegen gronden (IOOO-I6OO m.) 1. verb. m. 
baeen toestand. Varsl. 12© Vargad. Yereen. Proof at. Pore. (1931); PP* 54-62. Aleo in Cinchona VIl/ 

VIII (1951); PP* 118-139. 

108. Spruit, 1. 0 ., p. 47; Cinchona VIl/VIII, p. 128. 
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Table 126 


CONCENTRATION OF CALCIUM IN SURFACE S 0 IL 3 


In a basin 

(with surface soil washed on) 

On a ridge 
(somewhat eroded) 


Surface 

Subsoil 


Surface 

Subsoil 

depth of sample 

0-30 

about 100 cm. 

depth of sample 

0-20 

about 100 cm. 

organic matter 

9 . 255 t 

6 . 35 ^ 

organic matter 

T-lhf 

5 . 90)6 

inatlfere noire 

l- 555 t 

1 . 09)6 

matlbre noire 

0.36)6 

0.31)6 

N 

• 633 lt 

0.31*9)6 

N 

.386)6 

0.21,6% 

Degree of Saturation S/T 

CD 

86)6 

Degree of Saturation s/t 'jyfo 

87)6 

Ca 

11.6^ 

6 . 6 % 

Ca 

2 . 3 J 

l.l)t 

Mg 

2.0)6 

3 .“t )6 

Mg 

2.0)6 

2.2)6 

K 

1.1)6 

0.7)6 

K 

0.0f> 

0 . 9)6 

Na 

6.2)6 

m. 7)6 

Na 

16 . 6 $ 

20.6)6 


These figures speak for themselves. 
One can quite safely say that If still 
another sample vere collected In the basin, 
for example 2/3 m. deeper than vhat now la 
called subsoil In the basin, one should 
have obtained figures closely similar to 
those of the subsoil on the ridge, as given 
In the right hand column. 

The reader should here remember 
that above ( page l^l, l48) the possibility 
was mentioned that the mountain granu - 
lation , the formation of "pseudo-sand" 
might be due to very local, microlocal , pH's 
which should be lover than 4.5, go that 
there should be opportunity for solution 
of Iron hydroxide, which then a little 
farther away, where the pH would again be 
higher, the Iron would again precipitate. 
This process would occur especially In the 
strongly humous surface soil of the moun- 
tain tropical high forest, or In the layer 
lying just under It. Spruit suggests, 
on the contrary, the Idea that the pseudo- 
sand soils referred to In the beginning 
had formed deeper In the soli and that 
with respect to the sesquloxldes (Fe 203 and 
AI 2 O 3 ) during a long time the "sandy" hori- 
zon has become more or less the Illuvial 
horizon. Prom this it follows that such 
soils can possess relatively much Iron 
which has cemented together the finer soil 
particles to pseudo-sand. But if this be 
accepted it is very difficult to explain 
why only pseudo-sand develops and there Is 
^0 general cementing Into a more or less 


harder or tuff layer. Neither conception 
makes It difficult to accept that as the 
parent material contains less Iron, (as 
comes out above with the contrast of III 
and IV) there Is less opportunity for the 
formation of pseudo-sand. 


* * * * * 


In the above I have dealt almost 
exclusively with tea and Cinchona which 
are shrub, or really small tree crops. 

Other crops are' not grown so high In the 
mountains. Formerly In those locations 
much Arablca coffee was grown, but for 
coffee the climate was really too moist, so 
that when once the leaf disease got started 
this crop was wiped out with great rapidity. 
Where the elevation and at the same time 
the quality of the soil are not good enough 
for Cinchona and tea, most times the soli 
and climate are still very good for rubber . 
Consequently a considerable number of rub- 
ber plajitatlons are to be found In the 
lower mountains and especially where the 
soil Is not purely young volcanic, but has 
developed more or less from Miocene rocks. 
Only a few plantations have plantings of 
cocoa, cltronella, or oil palms. Here and 
there the Forest Service uses kinds of 
trees which produce timber of economic value 
to successfully reforest lands which can 
maintain forests of native trees. 


109. Spruit, Voral. V. V. P. P. 120 Vorg. ( 1951 ), pp| 


44 - 45 ; Cinchona VIl/VIII, p. 126 . 
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Rice is almost the only annual 
crop which is grown by the natives, and 
seeing that there is no lack of water In 
this rainy land, lowland rice Is the prin- 
cipal sort. Paddy rice is grown not only 
on the large plains, but also on every flat 
or spot which can be made flat In the moun- 
tains,- even up to elevations of more than 
1,000 m. 

It Is obvious that the soils of all 
these plains differ notably among them- 
selves. Moreover In one and the same plain 
the soil Is by no means uniform. The main 
reasons for this are: (a) variations in 
the material from which the plains have 
been built up; (b) variations In the man- 
ner of deposit of the material; and (c) 
what has happened to It since. 

(a) The plain of Garoet , for ex- 
ample, jading northwards by steps Into the 
plain of Leles and Bloeboerlimbangan, Is 
shut In on ail sides by young volcanic 
mountainous land. Consequently nothing 
else but andesitic and basaltic parent ma- 
terial can come down Into the plain, al- 
though In the course of time closer re- 
search will of course bring to light dif- 
ferences between the rocks of the surround- 
ing volcanic formations. The still larger 
plain of Bandoeng Is also surrounded by 
young volcanoes. Only In tl:^ south, ac- 
cording to Verbeek and Fennema, Is there 
one small body of irii material which has no 
effect at all upon the nature of the plain, 
of no more effect than the ridges and 
little hills lying In the west along the 
lower edge. The plain of Batoedjadjar 
(see Pig. 210, page 605), on the contrary. 
Is hemmed In by hills and low mountains 
designated as mi and m 2 on the map of Ver- 
beek and Fennema. And something most prob- 
ably still more Important Is that the 
streams which flow out of these hills come 
In part out of m 2 marl country and, as In 
the past, carry out from them fine quartz 
powder and lime. Also via the TJlsokan 
and Its tributary river, the Tjldadap, the 


Tjlhea plain continues to receive much 
marly detritus, although this will Indeed 
not surpass the andesitic products coming 
In from the other sides. 

Already I have touched upon the 
scarcity of analyses of the rocks of the 
Preanger, nor do there seem to be any 
analyses of water and/or of silt In the 
rivers which flow out Into the above- 
mentioned plains. 

(b) and (c). As to the manner of 
deposition, the plain of Bandoeng , In con- 
nection with that of Batoedjadjar has come 
Into existence through the filling up of 
a large. Irregularly shaped body of roll- 
ing lower land, lying between the Tangkoe- 
ban Prahoe complex In the north, the high 
volcanic land In the south, lower Miocene 
mountains In the west, and the Goenoeng- 
Tjalantjang complex In the east. During 
the process of filling, this plain most 
probably passed through an Intermediate 
stage during which It was a lake. When 
In the older Young Quaternary^ a great 
quantity of lahar material slumped down 
from the Tangkoeban Prahoe, this spread out 
Into a half circle. In the west and In 
the southwest this mud flow came up against 
a series of older volcanic ridges and hills 
which dammed the lahars, cut the plain off 
and made It a lake, which at Its highest 
elevation reached 725 m. above sea level. 
Seeing that now In both plains there are 
points which are somewhat less than 66O rn. 
elevation, at times and In places the depth 
of the water must have been more than 60 m. 
The Tjltaroem River, which once apparently 
flowed through the valley where the Tjlmeta 
now flows, found first a threshold to the 
south of the Goenoeng Selatdjaoe and fur- 
ther west a way through the breccia and 
limestone ridge of Tagogapoe (see Fig. 211, 
page 605), In the course of time this 
river cut down Its threshold and the con- 
tiguous channel, as a result of which both 
portions of the lake became dry. But before 
that stage was reached, all sorts of de- 
posits could have accumulated In this lake, 
especially around the edges, so that today 


110. See; Geol. Kaart 7 . -Java, tlad ^ (Bandoeng) met; Toellchtlng van R. W. van Bemmelen en Agrogeol. 
Beechr. van J. Szemlan (l93^)» 

111. About the center of this half circle lies the city of Bandoeng; thus high and dry. The earlier 
Soekamlskln airdrome of Bandoeng, lying upon the heavy clay of the earlier lake, I condemned as be- 
ing Incapable of Improvement. In the place of that there was recommended the present day site at 
Andlr, on the half circle of lahar gravels mentioned above. 
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llu T' P'xJelaraa.-Batoed.ladjar, In the Priarvan. Tno 

roddiaTTl"". 

reddish black; lonnerly it, wa= marslv European cattle. 



Fig. 211. Prlaivian. Tago;; Apoe with limestone blul'f at the lof 
which continues on Into the right distance. At the loft limestone 
la quarried for Industrial use. Up on top the vegetation. la not 
vigorous. This TJlmeta valley Is fertile with volcanic decoslts. 
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the plain la not entirely flat, for both 
from the north as veil as from the south, 
particularly at the mouths of the mountain 
valleys, deposits are dimly dlacemable 
near the present-day course of the Tjl- 
taroem. Between these very stumpy moun- 
tain debris -cones remain deeper spots 
which later became swamps, when the higher 
lake floor began to be exposed above the 
water level. Only very fine silt settled 
out In those swamps, so that these spots 
at present are covered by heavy, dark 
colored clay. Where the soil has been 
developed from the coarser deposits of the 
side rivers It Is sandier and lighter; 
more like "colluvium.'* 

During the time that the lake was 
still deep, layers of dlatome shells were 
deposited In the quiet bays where little 
silt accumulated. Later these became 
mixed with lake silt (clay), and finally 
were pretty well covered over by that ma- 
terial. Near to Oedjongbroeng there Is 
such a deposit where roofing tiles are 
successfully made and burned from a cer- 
tain mixture of these deposits. Without 
doubt higher quality ceramic products can 
also be manufactured from these materi- 
als. 

The plain of Batoed.jadjar (see Pig. 
210, page 605) Is not by a good deal so 
flat as that of Bandoeng. It Is more 
rolling, not to say rugged. There are also 
a number of low spots In It where swamps 
have been. These now however, have dis- 
appeared. Not many lahars flowed direct- 
ly Into this valley, but In It a great deal 
of sediment accumulated, also much marl 
silt rich In lime. The Tjlhea plain not 
so lor*g ago was very swampy, but It has 
now been Improved, having been drained, 
and the sanitation Improved. It lies much 
lower than the plains previously mentioned, 
namely at about 260 ra. above the sea. Also 
the Miocene marls, besides andesitic 
breccias and conglomerates, have supplied 
much material for the building up of this 
plain. 

Of these "plains" the most easterly 
from Bandoeng Is really no plain at all, 
but a sloping lahar debris field stretching 


Irregularly from the south-southwest and 
the west toward the east and north-north- 
east. In the south, at Bajongbong the 
elevation Is still about 950 m. at Garoet 
and Trogong about 720 m. at Leles about 
700 m. at Tjlbatoe about 650m. and at 
Bloeboerllmbangan only 550 m. The Tjl- 
manoek river, flows just east of the last- 
mentioned place and In places has cut down 
to 500 m. and even lover. It Is Indeed 
marvelous how on this mlghy lahar field 
every opportunity has been taken to lay 
out paddles up out of which stick count- 
less large stones which Indicate how ju- 
venile the entire landscape still Is. The 
Goentoer has apparently been the last to 
contribute to this formation. For example, 
between Leles and Tjlbatoe the road crosses 
the head of a lahar which Is still sandy 
and gravelly because the andesitic frag- 
ments are all fresh. In the south, at 
Garoet, the soil Is somewhat older and more 
brown to brownish red. Along the banks of 
the Tjlmanoek which are steep and cut down 
deep may be seen the thick layers of light 
yellowish gray juvenile lahar gravel, on 
the top of which lies a stronger brown 
colored surface soil. 

Paddy fields are everywhere (see 
Pig. 212); but not all are equally fertile. 
Because of the enormous variability of the 
soils It Is Impracticable to give figures 
to express the "fertility" of the Prlangan 
paddles. It Is true that the "fertility" 
always refers to the yield of rice, but in 
a variety experiment In the Tjlamls dis- 
trict In ’a single test 10 different kinds 
of rice varied In yield from 12.4 to 46.9 
quintals per hectare, and upon the repeti- 
tion of a second experiment with 5 of the 
same varieties, from 47.8 to 77.5 qu./ha,, 
the same 5 which In the first experiment 
had given 55.4 to 5B. qu./ha. These dif- 
ferences are apparently not to be ascribed 
to varietal differences alone. For It 
also happens that a large number of di- 
seases and pests attack the Prlangan paddy 
so that the true fertility becomes masked. 
In many places "mentek, " may be found, a 
disease, the true cause of which has not 
yet been definitely determined. While the 


112. Compare: E. C. J. Mohr, Qrondenderzoek en Keramlek, Meded. Lab. Agrogeol, en Qrondond. No. 5 (1920). 
pp. 21-25 and Table VIII. 

115 . But the dlatome shellB can still be found in the soli. Just as In the black or brownish black clay 
at TJlnahi, at Nagrek, and even at Plered. 
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Photo by Aerial photo section N. I. L. 

Fig. 212. Mt. Gedeh, Prlangan^ viewed from the southwest. Above at 
the left, the cald'->ra. Further to the right, Mandelawangl, the Pan- 
geranggo peak. — Tlie steep ravines and the ridges above are covered by 
tropical high forest (forest reserve). Elsewhere all paddles and 
villages. 


older theory that It was a parasitic di- 
sease has now pretty generally been given 
up, authorities differ as to whether it is 
to be described to unfavorable physical 
factors in the soil, or to a lack of cer- 
tain plant food substances (k) or unfavor- 
able ratios between them. However this 
may be, in the Priangan much mentek occurs 
and a search is still being made for the 
real cause. Then the number of crop 
pests ,l 3 legion: white and yellow borers, 
hemipterons ( walang sang it and others), 
rats, and birds. Almost no harvesting ex- 
periment is ever carried out in which 
there is certainty of freedom from diseases 
or pests. To what extent the characteris- 
tics of the soil and the climate are funda- 
mental factors in the occurrence of the di- 
seases and plagues we do not yet know. Yet 
tliey do belong to the fertility conception 


in general. Finally it must also be men- 
tioned that even in this land well supplied 
with water there is sometimes a lack of 
water in the paddles. 

In spite of all these factors which 
depress the yield, we can conclude^ that 
with adequate irrigation water and a mini- 
mum of diseases and pests, but without 
fertilization, the paddles in the east, 
in Tasikmalaja, Tjlawl and Tjlamls pro- 
duce approximately 25-^0 quintals paddy 
per hectare, in the plain of Garoet 30-50 
qu./ha., in the Bandoeng Plain 30-50 qu./ 
ha. and more; and in the Tjlhea plain 20- 
70 qu./ha. Because of the diseases and 
pests mentioned, over large areas the 
yields often fall to half the above or less. 
For example, in 1927 the regency of Tasik- 
malaja produced but 19 qu./ha. and Tjiarals 
only l4 qu./ha. 


U4. See L. W. Kullman, Onderz. mentekziekte v/d rijetplant, Landbouw 11 (1955); PP* 77-115; aud: Symtomen 
v/d raentekz. v/d rljstplant, Londbouw ]£, (1956), pp. 225-243. 

115 . Compare: Jaarverslagen Lb. voorl. dlenet — to 1925; Idem, Afd Landbouw (1926-1929); idem , van Bemeet. 
proeven v/h Landb. Inetltuut v. Alg. Proefet. Landb. (1950-1935) ♦ 
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Moreover from a number of experi- 
ments it appears that a deficiency of P is 
generally prevalent. In this connection 
compare the analyses of the rocks of the 
Goentoer and the Galoenggoeng with, for 
example, those of the Slamat. Consequently 
an application of 87 kg. double superphos- 
phate (D3P) (sometimes but half that much, 
or sometimes 131 kg. or even 1?^ kg.) per 
hectare almost certainly works wonders. 
Increases in the yield of h Qu./ha. are 
weel nigh the minimum, 10 qu./ha. an aver- 
age, while increases of 20 qu./ha. are by 
no means exceptional. Especially in the 
Tjlhea plain there is a ’'heavy black marl 
clay” which when fertilized in this way, 
the usual yields of about 20 qu./ha. are 
Increased to 4*3 to 50 qu./ha. and more. 
There are also indications that fertilizing 
with DSP in general hastens the ripening of 
the crop 1 or 2, or sometimes even 3 weeks, 
consequently appreciably decreasing the 
damage caused by animal pests. 

Except in the Tjihea plain there 
is, besides the deficiency in P, also in 
many places a lack of nitrogen and even 
here and there a lack of K. It thus ap- 
pears that the Priangan paddles have a much 
greater potential productive capacity than 
their present day yields indicate, so that 
with appropriate irrigation, correct fer- 
tilization and careful combatting of di- 
seases and pests, without any doubt in the 
future the production can still be consid- 
erably raised. The exemplary handling of 
the Tjlhea plain is proof of this. Rela- 
tive to this the Agricultural Extension 
Service of West Java gave an excellent re- 
view, which the Interested reader is 
urged to consult. 

This same type of "heavy, black 
marl clay" soil also occurs here and there 


in the plains of Batoedjadjar and of Ban- 
doeng, but not at all in the Garoet plain. 
In this last-mentioned area calcium car- 
bonate is never found in the subsoil, while 
in the Tjlhea plain, however, at about 1 m. 
depth there is an "andesitic fine gravel 
cemented by llme."^^’^ Although as was to 
be expected (see Table 127 > page 609), the 
plains referred to show generally relative- 
ly low rainfall figures and all have a 
clear to vary marked dry season yet, in so 
far as I know, calcium carbonate concre- 
tions in masses have been found only 
in, or more correctly under, the Tjihea 
plain, in spite of the fact that it has 
the least pronounced dry season. Loose 
lime concretions or nodules occur here and 
there in the subsoils of the plain of Ban- 
doeng. The explanation of this phe- 
nomenon may perhaps be found in the 
building up of the Tjihea plain on a base- 
ment of basaltic lahars from the Gedeh, 
Miocene marls coming down via the rivers 
may have become mixed with much relatively 
GaCOa-rich sediment. The plains of Ban- 
doeng and Garoet have been built up entirely 
of volcanic products, gravel, sand, and 
silt, and the rivers which today bring on 
sediment -laden water also come out of en- 
tirely volcanic regions. As to these vol- 
canic rocks it can be said with certainty 
that they do not contain calcium carbonate 
and the water coming from the volcanoes 
must thus bring on less lime. Consequent- 
ly there can be but scanty formation of 
lime concretions in the central part of 
the Bandoeng plain. But the plain of 
Garoet and Limbangan has apparently been 
formed too recently^ for there to have 
been time for formation of CaCOa concretions 
and for the formation of the heavy black 
clay. In these plains the weathering con- 
ditions may be considered as about on the 
boundary between amphibian and subaqueous 
on the one side, and between intermittent 
leaching and alternating weathering on the 


116 . A. C. Kocxrenhof, A. H. A. Corte, and L. J. Vroon, De Tjlhea-vlakte enz., Landtouw 9 (1934), 44l-4h9‘ 
In this are extracts from a report relating to the soil mapping by H. J. te Rlele (1953) and impor- 
tant data relating to analyses of the soils, the irrigation water and silt by J. Ih. White (1925)- 
Neither of these last two mentioned reports has been published. 

117 . See: Landbouw 9 (1934), 443- 

118 . See: Landbouw 9 (1934), 445- 

119 . See: J. Szemian, Toel. blj blad der Ghol. Kaart van Java (1934), p. 90. 

120. See: Verbeek and Fenneroa, 1. c ., p. 757* 
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Table 12? 


DIBlUIBUTIOlf OF TBI RADIFALL DURDfO THE YEJlR ON THE HIGH PUINS OF WEST JAVA 



Locatione 

'Elevation 

above 

eea 

level 

Number of 

1 years of 

obaerva- 

tlon 

1 Jan. 

Fob. 

Mar. 

1 

[ 

Apr. 

1 

May 

June 

1 

July 

Aug. 

I 

Sept. 

Oct. 

Nov. 

Dec. 

Rainfall 

per year 

1 

fTJlrandJang 

263 

21 

208 

220 

279 

242 

175 

90 

60 

105 

117 

219 

288 

249 

?251 

TJlhoa I 

1 Boomiajoe 

292 

10 

291 

283 

364 

326 

2/1 

79 

75 

65 

86 

253 

356 

314 

2768 

Plain 1 

1 Paairgombon^ 

293 

21 

223 

249 

239 

254 

186 

9*.; 


70 

98 

219 

1266 

246 

2199 


iTJibarangJcoJc 

3">0 

21 

272 

271 

287 

310 

226 

125 

8? 

89 

123 

234 

302 

273 

2994 


rTJiboeroeJ 

jko 

26 

181. 

185 

195 

166 

98 


41 

39' 

55 

136 

177 

212 

1954 


1 Padelarang 

686 

32 

213 

199 

222 

197 

113: 


.V9 

.id 

71 

161 

202 

213 

1719 


1 Batoadjadjar 

660 

10 

196 

188 

240 

227 

129 

^>5 

42 

uT) 

85 

1 68 

246 

207 

1899 


isindangktsrta 

730 

12 

242 

198 

289 

262 

186 

85 

60 

67 

91 

228 

303 

231 

2252 


rijinahi 

767 

53 

182 

181 

194 1 

187 

133 

60 

49 

49 

90 

176 

214 

210 

1724 


Bandoong 

736 

52 

199 

181 

145 

231 

140 

89 

62 

66 

84 

171 

238 

235 

1954 


DJatlnanggor 

760 ; 

62 

262 

241 

273 

216 

136 

9? 

61 

./6 

57 

128 

222 

295 

2018 

Bandoeii^; 

Mud JaLaJa 

670 

28 

292 

307 

343 

300 

203 

1 01 

72 

5.i 

94 

191 

297 

305 

2968 

Plain 

T.np«iraJ 

673 

29 

265 

245 

289 

264 

161 

80 

60 

37 

91 

180 

266 

282 

2220 


T^angkrlng 

670 

27 

230 

217 

275 

233 

174 

61 

68 

50 

64 

177 i 

251 

240 

2040 


Band Jar an. 

676 

12 

236 

177 

299 

268 

182 

87 

60 

77 

61 

209 

287 

255 

2198 


.Soroang 

760 

12 

226 

187 

258 

242 

186 

79 

40 

6u 

85 

205 

269 

234 

2066 


'BloeboerJlinbungan. . 

6^0 

10 

286 

309 

322 

181 

92 

57 

2L 

ll 

13 

99 

145 

266 

1806 


MalangboiV); 

619 

18 

383 

359 

441 

371 

270 

108 

4/ 

jf 

61 

139 

291 

41 2 

2902 


TJlbatoe 

612 

16 

230 

211 

255 

l€9 

124 

5(; 

22 

22 

J4 

104 

I6E 

229 

1614 


Garoot 

710 

28 

260 

234 

288 

211 

ISI 

99 

62 

46 

65 

133 

210 

271 

2028 


Trogong 

736 

10 

277 

235 

303 

189 

131 

6tj 

4 2 

l 4 

17 

91 

189 

334 

188? 


.Lalea 

710 

10 

322 

260 

362 

238 

166 

^5 

46 

10 

10 

65 

193 

363 

2108 


other 3lde.^^^ From this it is easy to 
understand that the color of the soil is 
black and on the somewhat higher lying 
spots dark blackish brown, with reddish 
brown iron oxide streaks and veins. Where 
the soil is used permanently as paddy land 
the color is continuously black to gray; 
when dried out and granulated, however, it 
always Inclines somewhat toward a brownish 
color. 


» 4 * * 


Where the railway line runs through 
the eastern Priangan one is astonished at 
the great number of cocos along the line 
between Tjlawi (hOO m. elevation), Taslk- 
malaja (350 m.), Manondjaja (290 m.) and 
Bandjar (40 m.). And at the same time one 
I3 surprised at the generally bright red 
bixlvlum soil on which they stand. Ordi- 
narily large groves of cocos do not grow 
nt such elevations; they are found more 
^anally between sea level and 25 m. Thus 
1 there must Indeed be some special reason 


for cocos growing here. Although it is 
true that off and on Goenoeng Galoenggoeng 
volcano has spread a little rejuvenating 
ash over them, these red soils are already 
relatively senile. Where these soils can 
be irrigated with fair to good irrigation 
water, this is done although the yields 
are also lower than on the soils more to 
the west. On page 6 OJ paddy cultivation 
has already been touched upon. The cocos 
stand on the unlprlgated and unlrrigable 
lands. In this connection the reader may 
recall that earlier^ in this book we have 
quoted Tammes who maintains that a continu- 
ous and adequate water supply is the most 
Important requisite for the coco palm. If 
we but glance at the rainfall figures (see 
Table 128, page 610) we will realize that 
in these localities there is no lack of 
water nor a long continued dry season, 
except in the two extreme cases of Tjlawi, 
lying in an enclosed depression, and Band- 
jar which is very low down. Mangoenredja 
and Taslkmalaja have not a single month's 
rainfall with an average under 15 0 mm. It 
even rains throughout the entire east mon- 
soon, because the east-southeast wind is 


Compare Table ^4, p. 162. 
^^2. Compare p. 512 of this book. 
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Table 128 


DiaraiKinaii or wl baiwtall duriho the year ih the coco reqiow of east PRiAwctAif, java 


Place 

SleTatlon 

above 

aea 

level 

Humber of 
yeara of 
observa- 
tion 

Jan. 

Feb. 

Har. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Hov. 

Dec. 

Halnfall 

In nm. 

per year 

Arid 

(dry) 

months 

Humid 

(wet) 

months 

TJlawl 

500 

12 

387 

303 

374 

262 

192 

95 

61 

bO 

43 

146 

272 

346 

2553 

2 

6 

Badjapolah. . . 

455 

12 

436 

334 

418 

290 

220 

119 

99 

65 

71 

240 

422 

458 

3169 

0 

9 

Man^nredja. 


hi j 

312 

335 

330 

336 

271 

209 

155 

161 

173 

328 

357 

363 ! 

3331 

0 

12 

Taalkmala Ja. . 

550 

kk 

361 

376 

459 

334 

277 

20 1 

168 

154 

178 

340 

389 

392 

3630 

0 

12 

Manondjaja. . . 

290 

52 

363 

359 

374 i 

269 

227 

192 

143 

106 

124 

263 

317 

376 

3113 

0 

12 

TJlaulB 

228 

19 

392 

358 

352 i 

278 

183 

129 

94 

75 

92 

238 

292 

397 

2879 

0 

9 

Boemlseurl. . . 

500 

18 

567 

484 

474 

367 

263 

148 

84 

91 

129 

263 

349 

523 

3743 

0 

10 

Kalangsarl . . . 

200 

16 

607 

525 

573 

419 

283 

193 

128 

109 

140 

308 

423 

649 

4357 

0 

12 

Bandjar 

40 

24 

308 

281 

331 

239 

190 

116 


74 

75 

218 

262 

301 

2468 

0 

9 


forced upward by the mountains, the regular 
rains are thus due to the cooling brought 
about by the rising air currents. Because 
of the strong continuous wind which pre- 
vails here it would be worth while to deter- 
mine the composition of the water which 
falls in these rains. It does not seem at 
all improbable to me that sea spray has 
been carried Inland by the wind and Is an 
Important factor in the productivity of the 
coco palms of this region. 




Off to the northeast of the moun- 
tainous Priangan region, but connected 
with It by a series of a few older and 
somewhat lower volcanoes and groups of 
volcanoes, of which the Goenoeng Simpal 
with the G. Tjalantjang, and .also the G. 

T jakraboewana and the G. Sawal are the ^ore- 
most, stands the Tjerlmai , an otherwise 
quite Isolated volcano of more than 5,000 
m. elevation. Because of these relation- 
ships this mountain is a very effective 
wind and rain catcher, and so of the high- 
est importance for the low land of Cneribon 
because of the beautiful and abundant sup- 
ply of irrigation water which runs off from 
this mountain. The following rainfall data 
(see Table 129, page 6ll) demonstrate this 
very well. 

It Is evident that there is a 
regular increase of rainfall with the ele - 
vation , and this is maintained at all sta - 
tions above 100 m. If the noi?thern low 


plain has a marked, long continuing dry 
season, the farther south one goes the 
less pronounced this is. But even up to 
great altitudes this continues to persist 
and at the peak ( 5,078 m. elevation) there 
Is considerably less rain than at about 
1,000 m. elevation. It is thus the 
zone between 200 m. and 1,900 m., which 
has the so-called rainfall surplus above 
the evaporation, and it is especially from 
this zone that the rivers are fed, There 
were previously already low mountains of 
Miocene rocks, especially marls, where the 
Tjerlmai has now built itself up. A large 
part of these marls has now been covered 
over, but at a number of places, for ex- 
ample, between Kadipaten, Darmaradja, Tela- 
ga and Madja, and in the east at Mandirant- 
jang, Tjlllmoes, and further on, little 
bits of that marl land stick out between 
mud flows from the Tjerlmai. Except for 
these pre-volcanic rocks the water flowing 
off toward the plain of Cheribon, both 
toward the north as well as toward the east, 
should be unconditionally good both from 
the standpoint of the formation of alluvium 
in the past as well as of irrigation at the 
present time. However, these marls greatly 
Influence the conditions because of the 
enrormous quantities of silt which have 
come from them and which make the soils of 
the plains physically heavy and "sticky," 
while chemically these silts Impoverish 
rather than enrich the soils, or at least 
they reduce the productivity. 

The marl land which has been men- 
tioned as lying west from Madja is an ex- 
cellent but horrible example of soil 


125 . Compare p. ^13 of this "book. 

12ii-. See for example the rainfall data for 1929 • 
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Tablo 129 


DISTOIBUTIOW OF THU RADiFALL DURING THE YEAR AT DimREirr ELEVATIOWS OH THE TJERD4AI VOLCANO 



Elevation 

Humber of 













Average 

Rainy 

Rainy days 





joeuTB of 













annual 

daya 

In the 3 


Wet 

Place 

eea 

obaerva- 

Jan. 

Feb. 

Mar. 

Apr. 

Maj 

June 

July 

Aug. 

Sopt. 

Oct. 

Hov. 

Dec. 

rainfall 

per 

driest 

oonthB 

months 


level 

tlona 













inm. 

year 

monthfl 



Ranibnttan (Slndarig) . . 

5 

1*1 

257 

256 

151 

128 

100 

73 

50 

2/ 

29 

56 

127 

178 

11*21 

82 

7 

4 

7 

Bangadoea 



318 

269 

211 

163 

III 

78 

4 S 

26 

32 

6 ‘b 

169 

321 

1B1*7 

98 

7 1 

3 

7 

Djatltoedjoeh 

19 

31 

381 

283 

326 

168 

122 

71 

40 

23 

56 

107 

227 

331 

213I* 

106 

7 ! 

3 

8 

Kadi pa ton 

38 

29 

461 

102 

105 

302 

170 

79 

58 

32 

61* 

137 

270 

367 

271*6 

128 

9 i 

2 

8 

Madjalongka 

150 

29 

551 

188 

162 

321 

206 

116 

69 

35 

83 

151 

288 

139 

3211 

158 

12 

1 

9 

Madja 

5'>6 

30 

719 

671 

563 

372 

250 

121 

79 

38] 

75 

201 

363 

579 

1*058 

179 

ll* 

1 

9 

Sadar^hfeh 

ino 

1*1 

963 

911 

705 

129 

271 

151 

86 

60. 

78 

163 

398 

691 

1*91*7 

im 

15 

0 

9 


♦Tha flgyrea of aloration^ as glvan In Vol. ^ of the Eon. Magn. Meteor. Obaervator., have In placea been corrected with the aid of the newer 
maps of the Topographical Survey. 


destruction through deforestation, pastur- 
ing of cattle, and fire, followed by heavy 
erosion. The series of photos (Figs. 213- 
217, pages 612-613) reproduced through the 
courtesy of the Forest Culture Experiment 
Station, gives a good Idea of the condi- 
tions . 

•M * 4 * 


This is perhaps a good place to 
Impress strongly upon the reader that 
chemical analyses of different soil types, 
all carried out in precisely the same man- 
ner, for example by digesting?; with HGl of 
definite strength and then determining in 
the extract the amounts of such constitu- 
ents as K, Ca, Mg, and P down to a thou- 
sandth of a percent, can never give 
parable figures unless one keeps strictly 
vithin one soil type , for only then can 
profitable comparisons be made. The pur- 
pose of such chemical determinations and 
comparisons is practically always to learn 
something about the productivity of the 
3011 and as a rule to be able to speak 
about it with respect to some certain crop 
as, for example, rice or sugar cane. But 
then the quantity of any given plant food 
substance such as K extracted by HCl from 
completely disintegrated and dispersed 
soil is unimportant in comparison with the 
quantity of K which Is available for the 
plants or may become so in the soil in one 
S^'owlng season. It is obvious these ele- 
f^^nts must be present in the soil, but what 
Is more Important the roots and the food 
substances must be able to find each other. 


Now in a stiff marl soil the roots grow 
slowly and with extreme difficulty as com- 
pared with their behavior in a loose, fine 
sandy ash soil or a reddish brown, light 
lixivium. On the other hand the water 
movement in the heavy soil first mentioned 
is extremely slow or there may even be no 
water movement at all. If the root tips 
have sucked dry their surroundings, even 
though it be only once, then t tie re is not 
much left to take up, even though there are 
moisture and plant food present but a few 
cm. or even only a few mm. from where the 
roots are. The moans of delivery to the 
roots is lacking. For such heavy, stiff 
soils, the principal thing agriculturally 
speaking is to facilitate the delivery of 
the nutrient substances to enable the 
roots to grow more easily and more rapidly. 
It would be fine. If through some kind of 
soli amelioration (liming, green manuring, 
farmyard manure) these cnn be facilitated, 
provided that one does not make the mistake 
of supposing that in the first place this 
manuring makes up successfully for a defi- 
cit of certain plant food substances. In 
these extremely heavy loams and clay lands 
as a rule the most Important effect of 
amendments is facilitating water movement, 
and so continuing the supply of whatever 
the plant roots take up. As to making up 
a lack of plant food substances, the in- 
creased water movement enables the plant 
food substances already present in the 
soil to be brought more easily within the 
reach of the roots. 

Any one who has had experience in 
handling the many kinds of alluvium of Java 
has often learned this from experience. 



the soils of equatorial region 



Photo by the ForoBt Experiment Station 

FL'. 21:^. Siridan,rpalal rld.^o near Madja,, Cherlbon. In the distance 
Mt. TJorlmai. After clearln,‘7 the forest, cattle are pastured on the 
irnrl rid;:;e, so that the soil is dl8lntO(;p'ated and ruined. Heavy 
rains cut .ppillles. 


The beautiful, detailed descriptions of the 
soil types of the lov land of Cherlbon by 
Ledeboer^^^ also testify to this. In this 
study, apart from some more or less residu- 
al soils (his "latorite" is really red 
lixivium, and his "andir land" is a still 
juvenile, brownish gray lixivium. Both 
have originated from andesitic ejecta), 
especially heavy to very heavy kinds of 
clay have been differentiated. Judging 
from their position and their description, 
as well as from the results of the mechan- 
ical analyses, these soils must be defi- 
nitely considered as river deposits, thus 
as allochthonous soil formations. Apart 
from them there are the so-called "Panin- 
ghiran" lands in the west along the Tji- 
loetoeng and the Tjideres Rivers, as well 
as some more northerly-lying silted up 
soils along the Tjlmanoek, which are the 
least heavy. On the other hand the "Tji- 
manis" lands lying to the east are as a 


rule, much heavier. But there are varia- 
tions which are to be ascribed to the 
source of the soil material. If this ma- 
terial has come especially from the marl 
terrains which, although according to area 
are also smaller, yet erode much more in- 
tensively than the volcanic formations 
(see Figs. 21h, 216), then the resulting 
soil is intractably heavy. While if the 
material has come from the Tjerimal vol- 
cano, then the physical condition especi- 
ally of the material which has flowed out 
over the surface is much better, since 
there Is then also sand mixed with the 
soil. In short, as the discussion by Lede- 
hoer shows, it is evident that the origiu 
of the soil material is the principal fac- 
tor determining the physical condition of 
the soil and consequently its value. For 
that matter, we have already seen the same 
relationships in the description of the 
entire north plain of Vest Java (see pages 


125 . F. Lederboer, Versl. Yeldproeven ( 19 IO-I 9 II), Moded. Proefst. J. Sulkerlnd. No. 2^ (1912), Arch 
Java-Sulkerlnd. (1912), pp. 757-879 with many appendices and 2 maps. 
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FIs. ao. Slndan«palal rlcl^-e near Madja, Chorlbon. ^e third etaee 
foUowl^ that shown In Mg. a4. A bare and abandoned ^rl laM 
eoapa, the tragic result of deforestation and oror^acl,^. Incredi- 
bly heavy erosion of which a detail is shown by Fig. 216. 
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Photo by the Forest Experiment Station 


Fig. 216. Detail of the landscape of the Slndangpalal ridge near 
Madja, Cheribon (cf. Fig. 215); in the drainage basin of the upper 
course of the TJikeroeh river. Annually this terrain loses one 
meter elevation through caving off; sliding down and washing off! 


589-591) • Next to the source of the soil 
material; the second most Important factor 
is the water supply . How very true this is 
appears from the following: 

North from the Tjerimai lie the 
KromOiig mountains, a separate, older, vol- 
canic complex of a couple of hundred meterr 
elevation. The rivers coming from the Tji- 
rimai run either to the east or to the 
west around these mountains; thus much 
water flows by that way. Northeast from 
the Tjerimai, and south from Cheribon, 
there is a somewhat higher volcanic region, 
the small Cheribon basaltic volcano which 
did not develop further. These immature 
volcanic elevations also hinder the natur- 
al drainage and have, for example, deflec- 
ted the Tjlmanls, compelling this river 
to flow around in a loop. Resident Hllje^^® 
wrote as follows in 1930 of "the district 
of Cheribon which is not well supplied with 
water" (see Figs. 2l8 and 219); while 
Ploembon, west from there, and Sindanglaoet, 
to eastwards, have more water available. 


In this connection, in the districts of 
Tjiledoek and Sindanglaoet, although the 
soil (with much marl material) is less 
good, yet in the east monsoon about a 
quarter of the paddy lands, which at that 
time are not planted to paddy are planted 
to another crop. Wliile in the district 
of Cheribon, on the contrary, but l/lO 
of the area is so planted, and what is, 
lies exclusively along the irrigation 
ditches. In Ploembon the raising of onions 
is also "of significance." These data froir. 
the Civil administration make clear why the 
density of the population in 1930, relating 
to the same year as that of the Memorandum 
of the Resident mentioned above, were as 
follows ; 


District 


Inhabitants 

per km. ^ 


Pallmanan (with the Kromong Mta.) 6^1 

Ploembon 1,075 

Cheribon (exclusive of the municipality) 625 

Sindanglaoet 591 


126. C. J. A. L. T. Hilje, Mem. Overg. Res. Cheribon (Junl 1950), p. 67 - 75 . 
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width 01 the bed. The entire aurrourdlng ^rl region le deforesLd. 


These data Indicate that both 
e soil and the water supply are of great 
Importance. It Is also notable that in 
general all these figures run so much 
higher than those of West Java; while 
this heavy clay may be difficult to work 
fertility makes the effort worth' 

while I 


* * * * 


In the paper by Ledeboer one of 
the most Important chapters is certainly 
lat about the " rantja mlm'ak " soil. This 

nr !!!!• *^he first part 

this book I have called "black 

earth," and characterized by its forma- 
on from mostly fine granular, fine sandy, 
to fine loamy parent material, it is 


formed under a climate with a marked dry 
Joason, which brings about alternating 
weathering. Seeing; that here In Cherlbon 
the black earth was perhaps mostly formed 
belore the Tjerlmal appeared as a volcano 
a considerable part of the parent material 
must have originated from the marls, al- 
though at -the same time a considerable 
quantity of fine ash has been mixed with 
It. However this may be, at present 
we do not find any of the original minerals 
except quartz. On the other hand the black 
earth at present contains a quantity of 
lime and iron concretions, the latter In 
the fom of hall iron ore. In this con- 
nection Ledeboer writes "This soil is 
very difficult to work and must be classed 
with the heaviest in Java. Practically it 
Is heavier than the figures for the hygro- 
scoplclty and those for the mechanical 
analysis would Indicate. This must 


127. 

128 . 


129. 


165-170. 
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Photo by L, P. do Buesy 

Fig. 218. Chorlbon. View from a point south of the Kota^ looking 
north. In the right foreground dry, unlrrl gable land, bare and 
treeless. Beyond, to the left, the alluvial plain, with paddles and 
sugar cane cultivation. 


appareiltly be ascribed to a still not 
clearly understood chemical composition 
of the soil through which In the wet con- 
dition It approaches a tenaceous, doughy 
mass." Then Ledeboer refers to the anal- 
yses by Marr, who found relatively much Na 
In soils of this sort. Yet at the same 
time his own analyses do not Include any 
figures for Na. Without wishing to under- 
estimate the Influence of a possibly high 
Na content I would like rather to remind 
the reader what has been said above on 
pages 526-528 where the possibility was 
suggested of a different course of the 
weathering, In this sense, namely, that 
with pH *3 of 7 and higher, not kaolin 
but rather montmorlllonlte forms, which Is 
the clay mineral which shows especially 
high plasticity, much swelling and shrink- 
ing, and a high absorptive power. However 
this may be, only further thorough research 
will be able to explain whether or not 
Ledeboer, with his remark about "a still 
not clearly understood chemical 


composition," has correctly expressed the 
true conditions. Perhaps also the explana- 
tion will be found as to why this "rantja 
mlnjak," as all black earths of this na- 
ture, Is so extraordinarily poor In P, and 
where has all the P gone which originally 
could not have been lacking? 




Now In turning our attention to the 
higher slopes on the Tjerlmal, where the 
•cultivation of tea has been opened up, the 
reader will note a difference between this 
tea district and the more westerly ones of 
the Prlangan. In the Prlangan a dry season 
is Indeed to be observed, but In general H 
Is not severe. But everyone familiar with 
Cherlbon, however, knows the "koembang, ” a 
strong dry wind which in the east monsoon 
blows around the Tjerlmal and dries out the 
soil. This Is perhaps the reason why on 


VEST JAVA— TEA SOILS ON THE TJERIMAI 


ill 



Photo by L. P. de Bueay 

Fig. 219. Cherlhon. View from a point south from the kota, looking 
southeast. Old road from Cheribon toward Koenlngan. In the fore- 
ground the flat basalt flow, called the Chorlbon volcano, with some 
dusty, grayish black soil on the surface. Unirrlgable dry land. 

In the background Mt. TJerlmal. 


slopes of this mountain one hears so much 
more about the hindering tjadas or padas 
layers and In the course of excavations 
also sees It relatively close to the sur- 
face. Hov near to the surface It Is de- 
pends upon the degree of erosion in recent 
as well as In earlier times. Especially 
higher up, these soils are very sandy. 
Deu 33 ^^° records a number of analyses, of 
which the following may be given as aver- 
ages: 

2—1/2 mm. 1/2—1/10 mm. 

100—20 mu • less than 20 mu 

^ 9f> 

We can thus be sure that heavy 
showers of a small total amount of water 
entirely absorbed and percolate down- 
^^Pd, while unless the land Is heavily 
terraced, heavier rains will erode much 


sandy surface soli. At about 1,200 m. 
these sandy soils are not too humous, 
according to the analyses only 2 I /2 to 
4 1 / 2 ^ organic matter. But of mineral 
plant food substances there Is no lack, 
not even of P, which on the plain Is low. 
Hence If the roots are not hindered by 
tuff layers and are able to attain a good 
distribution at desirable depths the con- 
ditions for growth are by no means un- 
favorable. If an extra dry year occurs, 
however, the plants stand for a long time 
without rain. 


« « « « « 


CENTRAL JAVA 

In accordance with what has already 
been stated repeatedly In this study, which 
Is from the viewpoint of soil science, we 


^30. J, j, B, Deuea, Theegrondan Van Java an Sumatra 


Meded. Thee proa fat UQOCIX, pp. 82-83. 
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by no means Intend to limit ourselves to 
the political boundaries of the Government 
of Central Java. So, for Central Java ve 
can better differentiate the various sub- 
divisions if ve draw as boundaries the 
meridians of Cherlbon, Semarang, and Soera- 
baja. First we shall consider the westerly 
part, that between those of Cherlbon and 
of Semarang --Jog Jakarta 


WEST- CENTRAL JAVA 

In this part of Java also, vol - 
canoes are the factors which have brought 
about important soil differences. Some 
important ones are Mt. Slamat, the Dieng 
mountains with Mts. Slndoro and Soemblng, 
Oengaran, Merababoe, and Merapl. These 
volcanoes are built upon and transversely 
across a ridge of older volcanic rocks 
(ill of Verbeek and Fennema) running east 
and vest. While to the north and to the 
south this ridge is flanked by Miocene 
marls and limestones. 

Even now these older rocks, 
principally andesitic breccias and con- 
glomerates, are exposed at the surface 
over a large area. For example, between 
the Slamat and Prlangan volcanoes and 
between the Slamat and Dieng Mountains. 
Likewise exposures occur between Bandjar- 
negara and Poervoredjo, while the DJamboe 
mountains between the Slndoro and Oengaran 
also belong to this group of old rocks. In 
a line from Penjaloe (East Prlangan) via 
Meloevoeng to close to Maos, the marls and 
the shales, clay slates, and limestones 
associated with them form the greatest 
continuous single geologic region in the 
southwest. Smaller bodies are in Banjoe- 
mas, Keboemen, Poerbollnggo, and Bandjer- 
negara, as well as at Bandjarhardjo, Pang- 
ka, and in Kendal. 

Between Banjamegara and Keboemen, 
projecting up through the Miocene is a com- 
plex of much older rocks consisting of 
quartz sandstones, diabase, gabbro, ser- 
pentine, quartz porphyry, homstones. 


slates and even crystalline schists. This 
’'window" testifies to the fact that in the 
deeper portions of Java there are similar 
formations and rocks as elsewhere in the 
Archipelago, as for example on Sumatra, 
Borneo, Celebes, etc., where they are found 
on a larger scale. Here in Java there is 
only a limited exposure, about 30 km. long 
and averaging 10 km. wide.. While geologi- 
cally this region has already been thorough- 
ly studied, yet not at all from the stand- 
point of soil science. Consequently, , al- 
though without doubt Interesting soil types 
can be expected I do not have the data upon 
which to base a discussion of the soils. 

Apart from this small, special re- 
gion, all of the parent rocks of the soils 
belong to relatively simple groups, (l) The 
so-called marls, consisting of coarser or 
finer quartz grains, clay and lime, in 
varying proportions. (2) There are also 
intermediate to basic effuslves, older ones 
in the form of compact rocks, or conglomer- 
ates and breccias cemented by silicic acid, 
and younger ones in the form of lava streams, 
tuffs, and volcanic ash. 

The chemical composition of these 
rocks varies considerably (see Table ll^)* 
Tlie Slamat rocks and those from the Merapl 
almost always contain more P than those 
from the Dieng Mountains. The auglte hy- 
persthene andesites of the Dieng and the 
Merapl contain more K than the Slamat ba- 
salts. The Dieng has less Ca than the two 
others. The Slamat basalts give high fig- 
ures for Mg and Tl, also for FeO, while 
many Dieng and Merapl rocks show low FeO 
and relatively high amounts of FegOa. Be- 
sides, the variations among the rocks of 
one volcano or one volcanic complex are 
frequently greater than the differences 
between the rocks of different volcanoes. 


« * « « « 


In West Central Java the climate I3 
for the greater part quite wet. Only in the 


151. See; Oeolog. Eaart. van Java aheet ^ (Bandjarnegara) by Ch. S. A. Harloff, with explanatory text 

(1935). 

132. In the most recent puhlloatlon by R. W. van Bemnelen In: De Ingen. in Hed.-Indlb* (1937) > P* 

there are still more analyses, among others of ultra-basic rooks which are not oonsldared here, since 
they represent formations with very limited surface exposure and thus play a minimal role in soil 
formation (Bee Geol. Kaart van Java, 1:100,000 sheet 66 — Karan^obar). 
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northwest corner and the southeast corner 
are stations for the measuring of rainfall, 
tjie records of which indicate a long, con- 
tinued, quite dry season. The influence 
of the mountain is evident which runs 
through this narrow part of Java from east 
to west in such a way that between the Tje- 
rimai and the Oengaran there is almost no 
spot where the height of the passes is less 
than 800 m. Only at Boemiajoe is there a 
lower pass, and then only with all sorts 
of bends in it. Both during the west mon- 
soon as during the east heavy rains occur 
on the slopes because of the ascending air 
currents. Therefore while the rivers are 
short, they carry large quantities of water. 
Along the north coast there is only a little 
low land. If on the map a straight line be 
drawn from the north point of Indrama joe 
to the outermost point, north from the Moe- 
rlah, a portion of the Java Sea is cut off 
which is never deeper than 23 fathoms, or 
about 46 m. For that matter still very 
much farther northwards the sea is still 
but only little deeper than that. If the 
sea level here should fall only 30 ni. that 
entire region would be land exposed above 
the sea, and then in the east monsoon with- 
out doubt just as dry a climate would pre- 
vail then as now is the case in north 
Cherlbon. It might possibly be even drier 
since, as has been stated above, in the 
mountain ridge lying to the southeast there 
Is almost no opening under 8OO m. elevation. 
Thinking back to the times during which 
practically the entire area now occupied by 
the Java Sea was dry land, almost certainly 
the ”wet monsoon” coming from the northwest 
must have been significantly- less wet than 
Is now the case. In 3hort--the gigantic 
plain of the Soenda lands, because of Its 
location in the rain shadovr of the mountain 
ridges of Malacca and Sumatra In the west 
and of Java in the south’, must have re- 
ceived but extremely little rain. ' Per- 
haps there was so little rain that as a 
whole it was impossible for continuous, 
tropical high forest to develop. In 


extreme cases there may have been a vast 
prairie, even the grass of which died off 
in the east monsoon. Even so, along great 
rivers running through the region there 
must have been strips of much more luxuri- 
ant vegetation. 

Coming back to the present time, we 
can only say that perhaps as a- consequence 
of natural Influences, or artificial en- 
croachment by man, more and more land has 
been won along the north coast of Western 
Central Java.^^'^ And the farther this new 
land extends out the less rain it will re- 
ceive than the hinterland* lying to the 
south of it, even though the latter lies 
but a few meters above the sea. Then all 
the soil types which now exist in East 
Java in Central and Northerr Cher lion, and 
in the northwestern point of Western Cen- 
tral Java will also develop here. 


# * * * # 


From the above it follows that In 
the part of Java here being considered the 
lixivia still greatly predominate. They 
are subaerial, brown and red on the convex 
portions of the land, the mountains, the 
hills, and the knolls of slightly sloping 
terrain, but there are amphibian and sub- 
aqueous lixivia that are gray, or grayish 
colored, more or less flecked with rust 
color, on the concave or flat terrain, the 
depressions, valleys, and in the lake and 
coastal plains. 

The young Slamat , having been 
watered almost daily by brisk rains, so 
to say since its birth, has nothing but 
brown lixivium with an increasingly humous 
surface soil, the farther one goes up the 
slopes. That the Slamat has been In ex- 
istence long enough tv. carry not altogether 
too juvenile soil. Is shown by the deep ero 
3 ion gully, a ravine cut down into a hard 
basaltic lava flow (see Fig. 220 , page 620) 
The younger volcanic material has weathered 


155 . 0. A. F. Molengraaff (De geologle der zeeen van Ned. Ost Indie (1921), p. 275 accepts that the aver- 
age annual rainfall for the drainage basin of the two mighty streams which drained this region 
should hav» been about 2.7 m. which Is about the same as the present day rainfall. It appears more 
probable that this average ought to be under 1 1/2 m. and for large portions even less than 1 m. 

154 . In order to see how rapidly this extension of the coast can talce place, It Is only nedessary to com- 
pare the charts of today and those of 50 years ago, for example of the coast of Cherlbon to and In- 
eluding Oedjong Peinalang. 
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Photo by E. C. J. Mohr 

Fig. 220. The erosion gully of a mountain creek In a basalt lava 
flow from the Slamat (on Its south-southeast side) near to Batoera- 
den, Banjoemas, at about ^00 m. elevation. 



Photo by E. C. J. Mohr 

Fig. 221, Pekalongan. Near the Kallwadas dam In the K. Genteng river; In 
the west bank can be seen a deposit of mixed, volcanic conglomerate (here 2 
meters thick) lying on Neogene strata; which are marls with sheets of lime- 
stone In between. On the conglomerate Is a reddish brown lixivium, a fer- 
tile soil; the tree roots go on down to the Neogene, but not Into It. The 
river bed Is of mixed colluvium of limestone and all kinds of volcanic 
rocks In gravel banks which gradually work down stream. 
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to a brown lixivium, even grayish, with 
here and there coarse sandy ash soli. But 
as a rule on the older andesitic conglom- 
erates, breccias, and tuffs the brown 
colot* has already changed Into brownish 
red and red. If we could look Into the 
past we would probably see that In Terti- 
ary time such older andesitic material must 
have been quite deeply weathered and 
through orogenetlc movements had thereafter 
been submerged for a time under the sea , 
again later to emerge and be raised high 
above the level of the sea. By that time 
the soil, which was probably a brown lixi- 
vium, had become distinctly red. The Iron 
hydroxides had been strongly dehydrated and 
crystallized as microscopic grains (about 
1 mu or smaller) of goethlte or hematite. 

The clay minerals had probably also been 
transformed, recrystallized to another 
mineral. Stated briefly, then, such a 
" red lixivium " is indeed entirely differ- 
ent' from another red lixivium, lying per- 
haps a hundred or 200 m. higher, which had 
never come Into contact with the sea. Both 
are senile In the sense that there arc no 
more weatherable minerals In either of them. 
That Is, providing no fresh ash rains have 
ever fallen onto them. But red land, for 
example that of the Siloewok Sawangan plan- 
tation lying on the north coast between 
Welerl and Batang, submerged In the sea 
water, would during-; Its bath In the sea 
become saturated with such bases as Ca, Mg, 
K, and Na and moreover would be altered 
physically in the direction of a strongly 
Increased plasticity and stickiness, and 
possibly also a greater power of absorption. 
In general terms we may state the matter 
thus: red lixivium which never came into 
contact with the sea nor has originated 
from marine (calcareous) sediments is less 
plastic and less sticky, has a smaller 
power of absorption and Is more Intensive- 
ly leached out than red lixivium which has 
been in close contact with sea water. It 
ia desirable to thoroughly test this hy- 
pothesis by rigorous analytical methods on 
carefully chosen soil samples. 

Deep soils do not occur on the 
t^iarls and allied marine rocks, especially 
vhen they lie somewhat high and on rough 
terrain, for the soli Is eroded off before 


It can develop to any considerable depth. 

On such parent materials this Is a very 
widespread phenomenon, because the ma- 
terial swells when it takes up water. Be- 
coming plastic, it slides toward the 
rivers, which when In flood sometimes 
carry with them a thick pale gray porridge 
of soil and water (see Figs. 213-217 and 
22B)* In the lower stretches, as along the 
coastal plain, but also higher, as In the 
Serajoe plain, and In general on paddles 
that pale gray fine sediment Is again de- 
posited. In such deposits the grain size 
as a rule lies between 20 and 1 mu thus a 
heavy loam, which make the cultivation of 
these soils peculiarly difficult. 

As already mentioned In Part I, 
these Marl loams consist ©specially of three 
constituents: fine quartz powder, colloidal 
clay, and sometimes also calcium carbonate. 
If the quartz powder predominates, then as 
a rule it is somewhat coarser, namely from 
5 to bO mu, which makes the soil somewhat 
more pervious, but chemically speaking of 
course poorer. If the clay predominates, 
then It Is richer chemically. It is es- 
pecially 30 If it has been formed from 
weakly leached marl material and thus also 
still contains CaCOa. But then the clay 
is also flocculated and slides off serious- 
ly. This is the despair of farmers, and it 
Is practically impossible to cultivate paddy 
on such soils. If, however, the lime Is 
leached out, then with reference to the 
other plant food materials the clay soil 
is also Impoverished and moreover, the 
perviousness will have been reduced to a 
minimum value or even to zero. On pure 
marl soil types always one or the other 
of these reasons continues to cause worry. 
Only the mixing In of volcanic material 
brings relief. Whether the ejecta Is 
coarse sandy, or whether It Is finer. If 
only It be rich In Iron hydroxides, It in- 
creases the perviousness of the soil and 
therewith the opportunity for the plant 
roots to grow down through it and to find 
water and food. Volcanic admixtures, par- 
ticularly juvenile volcanic admixtures, 
such as fresh ash Increase the fertility. 

The most effective quantity Is a consid- 
erable covering of volcanic material (see 
Fig. 221, page 620 ) . 


13"'. Details regarding these phenomena may he found In: E. C. J. Mohr, Het ellbhezwaar v. eenge rlv. l/h 
Serajoedal, enz., Meded. Dept. Landhouw Bultenzorg. No. 2 (I908). 
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The above referred-to soil types 
have been described In more detail by 
Szemian^^® on the explanation accompany- 
ing sheet 5^ (Boemlajoe) of the Geological 
Map of Java. Prom this description we may 
here mention that the tuffless rocks or 
those very poor in tuff give rise to soils 
which slide and bulge out, while those 
which contain tuff or are rich in this ma- 
terial do not. Further, the former sorts 
of soil are poor in K, while the soils from 
the tuffaceous rocks, however, are moder- 
ately to generously supplied with K. Also 
the content of Mg rises with the content of 
tuff. The perviousness likewise, increases, 
being correlated with the iron content and 
on the higher mountain slopes with the 
humus content. 

As a particular point, it may be 
mentioned that in Upper Banjoemas, as also 
at Wonosobo, I found red lixivium developed 
from dark green Miocene marine marl tuffs 
with many Foramlnifera. Though there was 
no longer any trace of CaCOa, in carefully 
prepared thin sections under the microscope 
red lixivium still showed clear sections of 
Globlgerinas . Only the empty forms had 
thus been completely preserved by the sur- 
rounding soil material, iron oxide hydrates, 
etc. indicating that while there had been 
no mechanical disturbance, the chemical 
leaching had been complete. This may be 
compared with feldspar forms which remain 
so sharp even in weathered crusts that al- 
though the feldspar itself has completely 
changed, one can still accurately measure 
crystal angles. 


If we now fix our attention upon 
the utilization of the soil , upon the agri - 
culture and upon the population of Western 
Central Java,, then two natural factors 
generally characterize it. The first is 
that adequate water is universally present, 
whether it be as continuously excessive 
rains, or as continuously abundant supplies 
of irrigation water. The second factor is 
that almost everywhere virile to even Ju- 
venile soil types occur, and even where 


these are more senile, the IrrigaLion water 
comes from juvenile, mountainous regions 
rich in volcanic ash. 

The influence of the Slamat as a 
young volcano in producing high yields from 
the soil is not confined alone to its 
slopes, but also extends out over the nor- 
thern coastal plain, from west of Brebes 
to east of Tjomal. As to what the Kali 
Goeng River, for example (see Fig. 222, 
page 623 ) signifies in that respect, the 
figures of the density of the population 
(in 1930 ) of the following districts show: 

2 

Inhabitants per km. 


Slawl 900 

Adlwerna I638 (without a large 

village) 

Tegal 1478 (without the munici- 

pality of Tegal: 

1052) 

Brebes 7IO 


The Kali Tjomal raises the figures for 
Tjomal and Pemalang to about 700. In be- 
tween lie; 

DJatlnegara, with still 

scone marl terrain: .... 260 inhabitants per km.^ 

Soerodadl with 440 " ” " 

Towards the south upon the slopes of the 
Slamat there are also such densely in- 
habited districts as these: 

Poerwokerto 709 Inhabitants per 

Soekaradja 837 " " " 

Poerbollnggo 766 " " " 

Among the high figures for density of the 
population, the Merapi takes its place as 
a volcano still active today. Note the 
density of the population of these dlstrlcta 
on the slopes of the Merapi: 

Magelang (without the 


— o ^ . — ^ 

town) 651 Inhabitants per. km. 

Moentllan 653 " " " 

Salam 58I " ” " 


On the opposite side of the Prqgo., on the 
contrary, where fresh ash can reach the 
soil only through the air, Salaman has 
inhabitants per km.^ and Na^nggoelan has 


156. J. Szemlan, Kbrte agrogeol, 
Java (1934). 


beachrljvlng, achter: Toel. b. blad ^ (Boemlajoe) van de Geol. Kiaart van 
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Photo by E. C. J. Mohr 

Fig, 222. legal. Here at Kallbakong on the K. Goorig, the stream 
has cut about 100 m. deep Into Neogone strata which are super- 
ficially obaciired by a young volcanic covering of a few meters. 

The Goeng River carries much Slamat efflatas toward the north «nd 
is thus the cause of the fertility tnereabouts. 


378 Inhabitants per 

While those are respectable fig- 
ures, yet they are very much smaller than 
of the districts on the slopes of the 
living volcano. 

The entire Southern Coastal plain , 
from Tjilatjap on tb the Goenoeni;; Sevoe, 
has been built up entirely from alluvia 
and colluvia from the large rivers. The 
Serajoe River carries the Dleng and Slamat 
products toward the sea, the Bogowonto and 
the Progo carry Soemblng products, and the 
Progo and the Opak carry Merapl products. 
Between the Serajoe and the Progo there 
are also a half dozen shorter rivers which 


flow into the sea, of which the Kali Benga- 
wan, the K. Id jo and the K. Lohoeloh or 
Loekoela are the most Important. But 
since these have their sources in older 
mountains their sand and silt are of less 
value. From the west toward the east in 
the low plain the soil differences, however, 
are less than the differences in the ma- 
terials which these rivers carry off. This 
is because the plain is not built up direct- 
ly by the rivers, but indirectly, via the 
sea. It is especially during floods that 
sand and silt are carried by the rivers at 
great speed out of the hinterland into the 
sea. For examnle, during high water in the 


137 * For cempariaon It may be here recorded that also In Europe around living, fertility-making volcanoes 
the population rises. The density of the population of Italy in 1931 (See: APergu d/l demographle 
d. divers, pays d. monde (La Baye, 1932), Van Stockum) as a whole amounted to I 53 Inh/ibltants per 
km.^, for the province of Campania 2 ^ 8 , and for the district Naples (with Vesuvius) 665. Sicily with 
an average density of 15^, Catajila, south from Etna, has 190 and Messlm, to the north of it, I 83 . 

All other provlncti have lover figures. Catania is the largest city of the Island, 
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Progo, It l3 interesting to see, as from 
the height of the Goenoeng Sevoe, how the 
sea for many kilometers out In front of 
the mouth of the Progo Is turhld and col- 
ored brownish red. Because of the currents 
the greater part of the fine silt la car- 
ried far out to sea and lost, but the sand 
sinks rapidly. Is moved along by the shore 
currents and mixed with the sand from the 
other rivers, so that along the whole coast 
from Tjllatjap to Parangtrltls (south Jog- 
ja) quite the same sort of mixed sand Is 
thrown up on the beach. From that sand the 
wind blows up dunes. And since the pre^ 
vailing winds are the east -southeast 
trades, In the west one finds more ridges 
parallel to the coast than In the east. 

Near Tjllatjap about l4 can be counted, 
near Kroja as many as 20. But farther east, 
however, especially about Koetoardjo and 
farther, these sand ridges are less con- 
spicuous. The elevations In the flat land 
are no longer the dune ridges but the banks 
of the rivers. If the topographic maps 
(1:50,000) of this whole region be laid 
down and fitted together, one can see at a 
glance more clearly than can be described 
by words, what portion Is river formation 
and what Is dune formation. The relation- 
ships are similar and as clear as were 
pointed out for northern Atjeh (see 
page 440 of this book) . It Is of course 
obvious that the Inhabitants build their 
houses on the slightly higher, dry ridges 
and use the low land for paddy. Also the 
roads all run along the ridges, through 
the very long stretched-out villages. 
Consequently, where the map Indicates long 
green village strips running east and west 
the locality Is one of younger or older 
coastal formation. But where the green 
strips run more or less meanderingly north 
and south the elevations are old river 
banks . 

The sand of the dunes, as well as 
that of the river banks, however. Is for 
the most part of young volcanic origin, 
consisting of basaltic and andesitic frag- 
ments and loose crystals of mostly calclum- 
rlch plagloclaae, hypersthene, auglte, some 
hornblende, as well as quite a bit of mag- 
netite and llmenlte. The last two minerals, 
also called magnetic Iron sand and titanium 
Iron sand are, however, very heavy. They 


do not blow so easily and for the moat 
part remain on the beach. The other, as 
dune sand, once It gets a couple of meters 
above the sea and thus above the reach of 
the sea, weathers rapidly and forma soil, 
so that vegetation can establish Itself. 
With vegetation growing on It the dune 
ridge becomes fixed. 

The sandy ridge weathers subaerl- 
ally. The soli formed Is rich In Iron, 
thus pervious. The climate Is continuous- 
ly wet; consequently the sand ridges gradu- 
ally go over Into brown to brownish red 
lixivium. Except a little quartz and some 
more magnetite and llmenlte In very fine 
grains, all the minerals weather. 

Between the ridges the soil for 
the greater part Is under water. There It 
weathers to a gray, subaqueous lixivium or 
at least to amphibiously weathered, gray 
paddy land with brown markings. Since be- 
tween the ridges, besides rain water there 
Is also slit laden water flowing directly 
from the rivers, the fertility continually 
Increases In spite of the Intensive rice 
cultivation which otherwise In the course 
of time would decline. This explains why 
the paddles of this region usually yield 
more than 52 quintals per hectare and If 
then the east monsoon also does Its share, 
there can even be obtained a second harvest 
of about 55 qu./ha.; thus together more 
than 87 qu./ha. per year. Of course these 
are maximum yields. But average yields are 
so high that It Is not surprising that this 
whole coastal stretch, the so-called Oeroot 
Sewoe la very prosperous and the density of 
population varies between 6OO and 8OO per- 

, 2 138 

sons per km. . 

In some places near Koetoardjo the 
population has developed the most Intensive 
form of soil utilization of which I know. 
Lands which lay on the limits of Irrlga- 
blllty, thus by nature were associated with 
amphibian conditions, have been, divided In 
such a way that one part has been excavated 
until the surface can be kept submerged and 
thus can be planted to paddy. The excavated 
earth has been placed on other portions of 
the fields, so that the difference In level 
becomes 1 to 1 l/2 m. making the elevated 
portions little reddish brown fields or 
plots sufficiently well drained so that 
maize, cassava, beans and other crops are 


138. See In thla oonneotlonr Census (1930); <11» II* Ihh. bevok. Midden-Java en Vorstenl. (1934), p* 1^* 
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Photo hy E. C. J. Mohr 

Fig. 225. Kedoe^ near Koetoardjo. 'Thro^ogh excavating of certain 
plots and building up the adjacent ones the natlvea convert partially 
submerged lands Into paddles which cai:i be maintained submerged and 
beds of "tegallan" land, which remain above the surface of the water 
and In this case are planted with maize. On the low dikes about the 
land are planted bananas and other IVult trees. 


cultivated on them. If the level had not 
been raised there would have been too 
much trouble from ground water (see Fig. 

223 above). Possibly the original rea- 
son for this enormous moving of earth for 
agricultural purposes was because of a 
lack of land for the dense population. 

But It was doubtless also due In no less 
degree to the fact that the method was suc- 
cessful economically, since both the wet 
paddy and the dry, artificial upland soils 
3tlll produce good crops making the work 
worth while. Had this Intensive cultiva- 
tion not been possible the land would not 
have supported so many people .and many 
would have felt obliged to emigrate. Ultl- 
niately, however, some of the population 
will have to emigrate since the productivity 


of the soli cannot be raised to an unlimited 
degree. Meanwhile there Is no doubt that 
through appropriate fertilization still 
quite a little Increase over current yields 
can be obtained in a number of places; es- 
pecially where the hinterland, principally 
older rocks, Is covered with red lixivium. 
There the rivers and smaller streams do not 
give an adequate increase of fertility, for 
though the allochthonous soil Is quite good 
physically, and there is an ample supply of 
water, the land is poor, in most cases pri- 
marily In P, but also in and locally in K, 
Ca, and Mg. 


» * * 


In the low, vet paddy plain of Central Thailand (Slam) a similar method of ridging and ditches Is 
used to make artificial upland soils for the extensive fruit and vegetable gardens around Bangkok. 
The Chinese vegetable growers plant two rove of paddy In each ditch, but In the shady orchards the 
chief value of the ditches aside from facilitating Irrigation and drainage Is to supply annually 
q.uantltles of mud for fertilizing the soils about the trees. ~R. L. P. 
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Nov a few lines regarding the 
extreme southwestern part of Western Cen- 
tral Java, that lowland and low hilly land 
which Includes the Klnderzee stretching out 
between Band jar and Tj Hat jap. 

The hilly ridges referred to are 
Miocene, now folded they belong to the 
"marl stage," but diverge markedly from 
the marls, for the content of lime Is al- 
most always low, while the content of clay 
and fine sandy volcanic material Is high. 
Verbeek^'^^ repeatedly mentions clays tones 
and fine andesitic sandstones, even the 
"white kaolin rocks, which do not effer- 
vesce with HCl." According to the analyses 
by Cretler a "white claystone" from Laran- 
gan (north from Tj Hat jap) had the follow- 
ing composition (see Table 130) and con- 
sisted "entirely or practically entirely 
of uncolored mica filaments and flakes." 

Table I30 


ANALYSIS OF A WHITE CLAYSTONE 



In f 

In M. E. 

810 

64.17 

88 

AI2O3 (+ TIO t) 

13.19 

10 1/2 

CaO 


5 

MgO 

3.16 

6 

HgO 

15.53 

70 

Total 

99.81 

— 


Apparently Iron and alkalies have been 
leached out, this has perhaps been followed 
(in sea water) by an absorption of Ca and 
Mg, followed by crystallization. It ap- 
pears probable that the original parent ma- 
terial was a slllca-rlch. Iron-poor, color- 
less glass In dust form. It Is likely that 
under such white earthy layers as these 
good bleaching eart^hs are to be found. 

Subaerlally weathered by the heavy 
rainfall of this region, pale reddish kinds 
of heavy clay and loam are found. As a 
result of the erosion of these soils from 
the low hilly land, heavy loams and clays 
have been carried out onto the low plain to 
the vest and southwest. These soils are 
suitable for moderately fertile paddies. 

But the cultivation of sugar cane In the 


plain of Madjenang was not a success. 

Prom the Prlangan mountain and 
hilly land lying to the west the low plain 
has received and is still now receiving 
better silt. It Is especially the Tjltan- 
doej River which brings this sediment. On 
the western low hills and even in the north' 
west part of the plain there are also ex- 
tensive rubber plantations. Gradually 
working out from the edges toward the center, 
the low marshy plain Is being conquered. 
Great swamps still He on both sides of the 
Tjltandoej, but It Is evident that as the 
result of man * 3 activity those on the west 
side will be the first to disappear because 
the soil' there promises more than on the 
other side. It Is Interesting to see on 
the map^^^ that just south from the wayside 
railway station Tjllongkrang, the Tjltandoej 
formerly flowed on a bit farther eastwards 
and then turned southwards. There In the 
plain the villages stand upon the old river 
banks and all the land lying In between has 
been made Into paddles. If, following this 
natural example, the Tjltandoej just beyond 
the Langan plantation should be diverted 
south- southwest wards Into the Lakbok Swamp, 
possibly In a few tens of years this swamp 
might silt up so much that It also would 
become useful land for paddy cultivation. 

It Is likewise true for the smaller Bloek 
Swamp, which Ilea south of there. Thus In 
Central Java, before reaching the muddy 
lands around the Klndel* lake, several thou- 
sand hectares could gradually be obtained 
for colonization. 


« « « « « 


Where In the southern coastal plain 
just as In the northern coastal plain, as a 
result of mixing of the fine marls taken 
from quartz powder and marl clay, alloch- 
thonous soils have been deposited as very 
heavy clay loams, soils have developed 
which are physically and mechanically diffi- 
cult to handle. In the east monsoon these 
are much less adapted to second crops. 
The]?efore If the native farmer Is at least 
certain of enough water, he would rather put I 
In a second planting of rice than upland 


iHO. Yerbaek and Feimema, 1. c ., pp. 596-401. 

l4l. Bee sheets 42/XLIB, 42/xLID and 43/XLIC (1928-1930) of the Topographic Map 1:50,000. 
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Table I5I 


RICE YIELDB AND SUGAR CANS AREAS IN WESTERN CENTRAL JAVA 


Northern Coast 

Paddy 
quintals 
per hectare 

Sugar 

cane area: 

^ of the 
paddy area 

South coast and 
Banjoemas 

Paddy 
quintals 
per hectare 

Sugar 

cane area : 

^ of the 
paddy area 

Slndanglaoet 

17-5 

14.0 

Adlredja 

18.4 

— 

Losarl 

19.7 

24.6 

Kallredja 

18.2 

8.J 

Tandjoeng 

19.7 

2.8 




Brebes 

19.8 

12.9 

Soekaradja 

16.0 

11.9 

Bantarkavoeng 

18.9 

— 

Peorbolingga (BJms) 

17.2 

11.9 

Tegal 

19.0 

13.1 

Poervorodja 

15.2 

17.0 

Adlverna 

18. H 

21. S 




Slawl 

18.8 

31.3 

Pltoeroeh 

18.1 

11.3 

Balapoelang 

17.4 

lf.3 

Poervoredjo 

19.8 

12.9 

Pangka 

15.3 

17.4 

Poervodadl 

14.8 

14.1 

Soerodadl 

21.4 

11.8 




Pemalang 

18.8 

13.6 

Wonosobo 

18. S 

— 

Randoedongkal 

18.6 

— 

Parakan 

21.7 

— 

Tjomal 

17.6 

12.0 

TJandlroto 

18.7 

— 

Wlradesa 

14.4 

20.2 




Pekalonigan 

15.2 

18.3 




Eedoengvoenl 

12.3 

16.4 




Batang 

13.8 

17. B 




Welerl 

14.9 

12.6 




Kendal 

15.4 

22.9 




Xallvoengoe 

17.7 

13.3 

1 




crops vhloh have difficulty In penetrating 
the very hefi^vy clay In order to extract 
from It adequate water and plant food auh- 
stances. In the south, especially In the 
districts of Kroja (formerly Adlredja), 
Soemploeh (formerly Kallredja), Rovokele, 
Combong, Peering, Pedjagoan, and Koetoard- 
Jo, more than half of the fields produce 
annually tvo crops of paddy. In the 
north, naturally double cropping to paddy 
la done only In those districts which 
either themselves, or In their hinterland 
have adequate rain In the east monsoon. 
Those provlnaes In which a good deal, though 
perhaps not more than half the paddy land, 
gives tvo crops of rice a year, are Kadjen, 
Soebah, Welerl and lallvoengoe. 

The rice yields are often satisfac- 
tory, but still not extraordinarily high. 
They are not nearly as high as In a number 
Of districts of East Java. According to 


Scheltema^^^ In a number of districts of 
the part of Java here being considered the 
average rice yields are more than I 8 qu./ha. 
dry gaba = 24 quintals per hectare dry 
paddy = about 30 qu./ha. vet paddy. In how 
far these higher yields are the result of 
the Intensive working of the soli, the good 
Irrigation and heavy fertilization which Is 
a part of the associated sugar cane cultiva - 
tion may appear from Table 151 above, In 
which there are also Included districts ac- 
cording to the tables with the above -referred 
to Agricultural Atlas In which during 
the monsoon 1921/22 more than 10^ of the 
paddles were also used for growing sugar 
csuie (see Table 151. above). 

It thus appears that there are some 
districts with high rice yields with little 
or no sugar cane --of those Bantarkavo^ng, 
Randoedongkal, Wonosobo, Parakan and Tjan- 
dlroto are located quite too high for sugar 


IsmAbouimtlaB JaTB en M^doera, Nbded. Centr. Kant. Statlatlek ^ (1926), text and tables. 
143. A. N. P, A. floheltena, Rljstproduotles op Java bn Madoera, Landbouw IV (1929). P* 782 ff. 
L. 0 . , Text and tables, p. 78 (1926). 
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cane cultivation. The tvo first-named 
are very productive because of the Slamat, 
the three others becAuse of the ring of 
volcanoes, the Goenoeng Prahoe, the Sln- 
doro and the Soemblng from which their Ir- 
rigation water cornea. In the northern 
coastal plain Tandjoeng, with a high yield 
of rice, haa a very amall area occupied by 
sugar cane; doubtleaa thla can be explained 
when more detailed soil sampling and map- 
.plng haa been carried out. We have already 
mentioned the case of Adlredja (at present 
called Kroja). The climate la too wet for 
sugar cane and the population la prosperous 
with the two crops of rice per year which 
are very common here. 

There are alao the districts with 
more than 10^ of the paddy land occupied 
by sugar cane and with average yields of 
rice. Definitely poor yields of rice, 
apart from the occasional effects of di- 
seases and pests, do not occur In this 
group. From Wlradesa to Kendal Is a series 
of relatively low figures. The mountains, 
which one sees from the coastal plain In 
this region have all been quiet somewhat 
longer than the Slaraat and the volcanoes 
In the southeast. On their slopes, because 
of the heavy rainfall and the long time 
since the last rejuvenation, are Intensive- 
ly leached soils. They are mostly brownish 
red lixivium which although It might not be 
called entirely senile, yet certainly Is no 
longer juvenile. Thus there are many good 
reasons why the rice here does not give 
the highest yields. Yet this soil, espe- 
cially In Its silted up, alluvial form, Is 
very suitable for sugar cane. Physically 
It Is good and chemically It responds very 
well to fertilization. Prom olden times 
Pekalongan has been known for Its “purer 
juices" In comparison with other cane dis- 
tricts such as the Principalities of Cen- 
tral Java, and the Eastern Cape which like- 
ly give more sugar but also give more 
trouble In the clarification of the sugar 
cane juices in sugar making « This is with- 
out doubt a soli question. 

Finally there are districts with 
high rice yields which at the same time 
have a generous proportion of the paddles 
planted to sugar cane. Prom Brebea to 


Pemalang there are six of these which form 
a aeries along the north coast. This is 
just that portion of the coast where the 
rivers, having their source In the Slaraat, 
bring down good Irrigation water. With 
adequate Irrigation water, Losarl also 
has the advantage of a dry climate.’ In 
the south, Pltoeroeh and Poerworedjo profit 
from the presence of the sugar mills, for 
the fertilization of the sugar cane la 
alao of advantage for rice. Poerwodadl 
Ilea somewhat lower and has more old swamp 
land, as well as more rain than the two 
previously named districts (see the map. 
Pig. 6). 

Taken as a whole. It appears that 
the districts of Western Central Java 
where there is sugar cane cultivation of 
some significance also have moderate to 
high yields of rice. But the contrary Is 
not true. The margin, In so far as It re- 
lates to climate and soil. Is broader for 
rice than for sugar cane.^^^ 

Besides rice and sugar cane In this 
part of Java, quite a good deal more maize 
Is planted than In Western Java. There, 

In Western Java but of the total culti- 
vated land Is occupied by this crop, while 
In Pekalongan, Banjoemas and Kedoe maize 
occupies about On Inquiring as to 

where most of this crop Is grown, we find 
It Is entirely In the higher stretches, 
where It occupies 40-80^ of the cultivated 
land. As to nature of the soil, I have not 
been able to learn anything. Indirectly we 
do have some hint, In that an Intensive 
native tobacco cultivation, such as Is 
carried on In and around the Dleng mountains 
and the basin of the Kedoe requires much 
manure, thus much livestock (horses), thus 
much animal fodder, and maize provides a 
very suitable supply. The cultivation of 
tobacco Is carried on In just those locali- 
ties mentioned, on more or less juvenile 
ash soils, and the maize grows on,- or In 
the neighborhood of, these soil types. In 
as far as I know, the question as to whether 
the leaves and stalks of maize produce an 
especially good stable manure for the use 
of the tobacco culture has never been par- 
ticularly Investigated. The practical 
farmers apparently believe that It does. 


145 . This l0 Indeed true In many regions of the Orient. — H. L. P. 

1 46 . Text and tables of the Agricultural Atlas, previously laentloned, pp. IO7-II5. 
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According to Nijholt^'^^ the average stem 
and leaf of maize contain about 0 . 6 ^ CeO 
1.6^ K 2 O, 0 . 35 ^ MgO, 0.2^ P 2 O 5 , and only 
0.1^ Na 20 and 0.1^ Cl. Consequently the 
manure from animals fed this fodder will 
most probably be rich In K and Ca, with 
but little or no Increase of Na and Cl. 
These are characteristics which can only 
Improve the burning quality of the tobacco. 

The cultivation of tobacco in the 
higher portions of the mountains of west 
Central Java must be of great significance 
because annually In Kedoe about 28,000 hec- 
tares are planted to It. This is twice the 
area planted to this crop In the East Coast 
of Sumatra. The principal concentration of 
tobacco cultivation Is In the subdivisions 
Magelang, Temanggoeng, Wonosobo. While In 
the districts Oaroeng, Parakan and Tenang- 
goeng tobacco annually occupies between 20 
and 30 ^ of the total area of cultivated 
land. 

In the whole of Banjoeraas annually 
more than 9,000 hectares are planted to 
tobacco. This Is much more than all of the 
tobacco area of the Central Javan Princi- 
palities. The district of Batoer with 
6,000 hectares and about 40^ of the total 
of Its cultivated land In tobacco takes 
the cake. It is notable that these tobacco 
districts have loose, light, juvenile vol- 
canic ash soils. The relatively high K and 
relatively low Ca content of DlSng rocks 
(see Table 115, page 580 ) is particularly 
notable. The Merapl ash soils have some- 
what less K and somewhat more Ca. Conse- 
quently the tobacco of East Kedoe ’’snows" 
more, that Is, the ash does not sinter so 
well. In the first place those lands are 
obviously low In organic matter, conse- 
quently It Is clear that farmyard manure 
is the Indicated and also the most gener- 
ally used fertilizer. People even keep 
horses especially to produce manure for 
the fertilization of tobacco. 

A few fertilizer experiments of 
the Agricultural Section of the General 
Agricultural Experiment Station point In 
the same direction. With P fertilization 
no success was obtained, but with N fer- 
tilizers there was a marked effect. In 
some cases a deficiency of farmyard manure 


can be successfully made up by the use of 
ammonium sulfate. 

The remarks above apply to rice, 
sugar cane, and maize, as well as to tobac- 
co. The other crops of the native popula- 
tion do not show any clear relation to the 
type of soil on which they are produced. 
Because of the great density of the popula- 
tion, these crops are especially food crops, 
such as cassava, sweet potatoes, and all 
kinds of legumes. 

With the exception of sugar cane, 
in this part of Java there is but little 
land available for European plantation 
cultivation . While there is still some 
land In the north. In the southern half, 
where even in the east monsoon adequate 
rain falls or else irrigation water is 
available, the natives have not left any 
useful land unused. Thus the land which ' 
can be and Is occupied by plantations is 
definitely unirrlgable, that is Tertiary 
hilly land. It Is not on the marls, but 
on the red lixivia from the conglomerates 
and tuffs. Up on the slopes of the impor- 
tant volcanoes to the limits of the forest 
reservations, the native population is 
using practically all the lands which are 
not too rough. Tea plantations occupy a 
few spots on the Slamat, the Soemblng, 
the Slndoro and the Prahoe which have not 
been reserved. 

Most of the plantations lie in the 
Semarang district; the meridian of Peka- 
longan Is about the limit. If we look at 
the map of Verbeek and Pennema, considerable 
areas of mi and m 2 are seen to be In Cherl- 
bon and Tegal as well as In Pekalongan and 
Semarang. Though in the east the m^ re- 
gions can be planted, in the west, on the 
Koerabang mountains, these formations are 
hopelessly rough and hence cannot be 
planted. Though analyses are lacking it 
further appears that in the west the mg 
contains more Ca-rlch and tuff -poor marls, 
while in the east the soils on mg are richer 
in tuff. The lands of the former coffee 
plantations, which were in the east and not 
In the west and which by this time have 
practically disappeared, are now producing 
cacao, kapok, pepper, and nutmeg. In the 
west, where the less desirable marl lands 


^^7* J. A. Nljholt, Voedlngsatoffen, door een maiaoogat an den boden onttrokken, Korte Meded. Alg. 
Proefat. Lb. No. Also Landbouw 8, (1933), P* 519» 

Text and tables of the agricultural atlaa, mentioned above, pp. I 07 -II). 
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Photo by the Forest Experiment Station 

Fig. 224. Margasarl Forest, Pekalongan. Around the edge of this 
teak forest the soli has been trampled by cattle and afterwards 
eroded off. As a consequence the teak trees appear to stand on 
stilt roots. There has been a loss of about 1 meter of soil from 
around the nearest trees. 


(see Fig. 224 above) are found, they are 
left to the Forest Service for planting 
teak, mahogany, and other kinds of timber. 

Accordingly the four timber reser- 
vations lying In the portion behind the 
low coastal agricultural strip show strik- 
ing differences. VThen we recalculate the 
figures of the Forest Service^ to per- 
centages of the terrain "apportioned for 
production" we get the following data In 
Table 132. 


Unforested and only difficultly 
plantable areas (see Fig. 225, page 631) 
seem to occur most frequently on the marls 
of low fertility in the wost, while the 
least occur in Kendal. In that respect 
Balapoelang Is quite a bit better than Tjl- 
ledoek. Peraalang possesses a consldorablo 
area of marls ( Djatlnegara) covered with 
wild forest of no value, but It also has 
better lands. Of these four timber reser- 
vations, Kendal has by far the highest 


Table 132 



Tyiledoek 

Balapoelang 

Pemalang 

Krndal 

Open terrain 

m 




Unproductive wild forest 

25it 


sal, 

9 * 

Planted to teak 





Not adapted for teak foreat. exploitation . . . 

si 

lOlt 

yi 


Other kinds of timber 

0.2i 


o.ii 

0:4 

Afforestation 

6^> 

89) 

91* 

93? 


149 . Veralag v/d Dlenflt v/h Boechwezen (1930), P» 75, table 1. 
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Photo by the Forest Experiment Station 

Fig. 225 . Marl region, the drainage basin of the K. Penggaron 
river, SenLarang. Complete destruction of the soil through erosion 
following deforestation, burnliic'^ and pasturing cattle. The water 
of the river contains per cubic meter at time of floods as much as 
V; kilos of material In suspension, almost entirely free from sand. 


percentage of productive teak forest and 
the best afforestation. 

For the land as a whole and the 
mountain land in particular it is likewise 
of more significance how the afforestation 
of the mountains is progressing because 
of its Influence upon the runoff of water, 
the discouragement of spates in the streamsj 
erosion of the mountain slopes, and accumu- 
lation of eroded material In the lower 
lands. Prom the aforementioned Report of 


the Forest Service for Pekalongan we can 
deduce that of the total area of the dis- 
trict about 5% Is occupied by teak forest, 
17 % by wild forest, of which 11 l/2% is 
"natural forest," which Is ordinarily 
called tropical high forest. Besides 
2 1/2% Is occupied by "insufficiently cov- 
ered" forest which makes a total forested 
area of about 2J>f. That Isn't very much, 
but still considerably more than the per- 
centage of forest for all of Java, which 


Table 135 



Pekalongan 

Banjoemas 

Kedoe 

Teak forest 

3 

1/2 jt 

-?t 

Natural forest (.tropical high forest) 

11 i/2 i 

9 i 


Rejuvenations (reforestations) 

1/2 i, 

1/2 5t 

3 jt 


8 It 

1 1/2 It 

lit 


2} i. 

11 1/2 f, 

9 jt 

Agricultural lands for the inhabitants 


60 it 

T9 jt 

Cogonals, grazing lands, villages, etc 

19 i 

28 1/2 it 

12 jt 
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ia but about 155^. Prom the above ap- 
proximate summary expressed in percentages 
of the total area ( see Table 133> page 
631), we see striking differences between 
the different Residencies of Western Cen- 
tral Java. Banjoemas and Kedoe have rela- 
tively quite a bit less forest than Peka- 
longan. Kedoe has apparently much forest 
converted Into agricultural land and can- 
not go much further In this direction. On 
the contrary, of the mentioned 12$^' unfor- 
ested terrain, etc., 2 % Is fit to be re- 
forested. Banjoemas has the most latitude. 
The 28?^ of non-forested land can still be 
decreased through further occupation by 
native farmers and through further affores- 
tation, especially In the upper drainage 
basins of the larger rivers, but also on 
marl lands, which cannot be used for grow- 
ing annual native crops. 


EAST CENTRAL JAVA 

Via the district of Semarang In the 
north and Jogja In the south we leave the 
discussion of Western Central Java, and 
pass Into Eastern Central Java. This sub- 
division lies between the north and south 
lines passing through Semarang and Jogja 
In the west and Soerabaja and Malang in 
the east. 

As contrasted with an almost con- 
tinuous range of mountainous land lying 
across the middle of the western part, this 
eastern part In Its southern half has a 
series of separated volcanoes and an impor- 
tant series of ridges of Tertiary sedi- 
mentary rocks running through Its northern 
half. 

As contrasted with a climate with 
almost exclusively wet months ( see the map 
Pig, 6) In the largest part of western 
Central Java, most of Eastern Central Java 
has a climate with a quite marked dry sea- 
son. We shall here find soil types con- 
nected with the latter sort of climate. 


such soils as In Western Central Java are 
found only In the outer corners, such as 
Losarl, Kendal, and Jogja. 

Thus we shall see marked differ- 
ences, but many points of similarity exist 
with respect to a number of climatic fac- 
tors and consequently of soli types. 

***** 


Let us first consider the volcanic 
parent rocks which have come from the 
series of volcanoes: Merapl and Merababoe, 
Lawoe, Wills and the complex to which the 
Kloet, the Kawl, and the Ardjoeno belong. 

Taken by and large, all these vol- 
canoes have tapped magma from the same sort 
of vats. Pyroxene andesites are the pl^ce 
de resistance which may be differentiated 
further Into auglte andesites and hypers- 
thene andesites. Closely related to these 
on the one hand are rocks which through 
Increasing hornblende content via hornblende- 
containing pyroxene andesites, grade Into 
definite hornblende andesites. On the other 
hand there are rocks which through Increas- 
ing olivine content grade Into basalts via 
ollvlne-contalnlng andesites. Since the 
Kloet and the Merapl have been active dur- 
ing the present century there Is a quantity 
of newer llterature^^° relating to them; 
but about the Lawoe and the Wills, there Is 
not a similar abundance of Information. 
Analyses, chemlcal^^^ as wel] as petrogra- 
phlcal, are also available for rocks from 
the Kloet, the Merapl and the Penaggoe- 
nan.^^^ As parent rocks for soli formation 
there Is not much which Is new In these 
rock analyses. The only point really worth 
mentioning Is that the products of the Mer- 
apl as well as of the Penanggoenan are 
relatively rich In K and that their PeO 
content Is lower than average, certainly 
lower than that of the basalts. 

Another question, however. Is In 


1^0. Literature, to which reference was also made in preparing the above, will ho found in; 
a — Verheek and Fennema, Geol. Beechr. Java on Mad. (I 896 ), dl. I. 

h — Vulkanol. Mededeel. No. 2 (Hoot), No. 5 12 (Merapl), (1921 en 1935) ^ hy G. L. L. Kommerllng 

and M. Neumann van Padang. 

c— Ch. E. Stehn, J. H. de Coert, Keloet, 4th Pacif. Sc. Congr. (Java, 1929), Excursion E 2a. 

131 . See Table II 5 opposite p. 560 . 

152 . Ph. H« Kuenen, Volcanoes, Part I of Contrlb. geol. Bast Indies, Snelllus-Sxpod. , Leldache Geol. 
Meded. VIII (1935), pp. 274-283- 
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how far the ashes, spread over a great 
area around the active volcanoes, have 
through this spreading and separation been 
subjected to a significant differentiation 
according to the size of the grains. j 

Various points about this matter have al- 
ready been mentioned (pages 35-36); and 
sometime ago, shortly after the last erup- 
tion of the Kloet (1919) J. Th. White went 
into this question with me^^® although at 
that time all the details were not pub- 
lished nor were all the experimental data 
presented. The conclusions of that re- 
search upon different Kloet ash samples of 
1901 and 1919 as stated by White^^^ were 
substantially as follows: 

1. With increasing distance from 
the eruption point the ash which falls be- 
comes finer and finer. Close to the point 
of eruption occur the greatest differences 
with respect to the proportions of gravel, 
sand, dust, and clay. 

2, According to the grain size, 
taken by and large, the following constitu- 
ents in the ash may be differentiated, from 
coarse to fine (coming down to a grain size 
of about 0.25 ram.): andesite gravel, Ca- 
rlch plagloclase-crystalB, small hypers- 
thene columns, auglte fragments, and little 
amphlbole. In the particles smaller than 
0.25 ram. diameter there are no andesite 
grains, less plagloclase, and less of the 
darker minerals already mentioned. Magne- 
tite and llraenlte fall mainly in the frac- 
tions between 0.25 and O.O5 mm. and below 
0.05 mm. there are practically none of 
these minerals. In the fractions below 

0.1 mm. there are, besides plagloclase 
fragments, volcanic glass with fine and 
extremely finely exploded sand and dust 
predominating more and more In place of 
the previously mentioned constituents. 

This glass from the Kloet is colorless or 
at most very faintly tinted. From other 
volcanoes (Lamongan, Raoen) a much darker 
colored glass is known. In connection 
with the above It is clear that the color 
of the ash as a whole, which close to the 
crater was quite a bit darker gray, became 
paler and finer the farther it fell from 


the crater. 

3. As to chemical composition, 
with the Increasing fineness of the ejectas, 
thus with the increasing distance from the 
crater, the content of silica Increases; 
on the contrary that of Pe, Mg and Ca falls. 
The content of the alkalies falls but 
little. The result of the differentiation 
may also be expressed as follows The 
finer ejecta of the 1919 eruption of the 
Kloet, which fell the thickest close to 
the crater and was thus the sandy material. 
In composition most resembled a basalt rich 
In Ca. Farther away the ash, taken as a 
whole, according to the chemical composition 
becomes more andesitic. And finally at a 
great distance it even approaches a trachyte 
in character, containing also a considerable 
amount of K and as high a silicic acid con- 
tent as that of white pumice stone (see 
Tables 12-l4, pages 25-26; 109-III, pages 
52O-523 and pages 520-522) . 

Thus It Is possible to agree with 
Verbeek and Fennema^^® that "the material 
of the young volcanic cone mountains con- 
sists of andesite and basalt, in the form 
of fragmental products and in lava streams, 
while such glass-like products as peck- 
stone, obsidian, and pumice stone with 
respect to the rocks with ’stony' ground 
mass are very much less Important on Java," 
There is, however, a point I would like to 
add, namely, that the magmatic differentia - 
tion of the fine ejecta in the atmosphere , 
by the wind, can by no means be left out of 
consideration In this connection. It is 
indeed very possible that as a result of 
andesitic eruptions at a considerable dis- 
tance, certain areas on Java have been re- 
peatedly covered by fine ash which one may 
quite easily call acid, glass-rich silicic 
acid-rich, and iron-poor. Such materials 
hardened to tuff, analyzed by themselves, 
would without doubt be called acid tuffs. 

And the reason for including such a dis- 
cussion in this book is that for the forma- 
tion of the soil such a material is to be 
thought of as entirely different from the 
sandy ashes on the slopes of the volcano 
and the tuffs which are formed from them, 
both of which are rich in Fe-, Ca-, and Mg- 


1^5. See: Veralag van de la Alg. Verg. der Ver. v. Proefst.-Paraonnel (Bultenzorg, 19^1), pp. 75-99. 
15lt. J. Th. Whlt9, 1. 0 ., pp. 81t-93. 

155.. White, 1. 0 ., p. 93. 

136. Terbeek and Fennona, 1. o ., p. 9**6' 
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containing dark minerals and thus may be 
called basic or at least Intermediate. 

Already I have pointed out (pages 
8, 9) the general differences between basic 
and acidic rocks and tuffs for soil forma- 
tion. Since then, particularly as a result 
of a statement by Rutten, I have some- 
what changed my point of view, In this 
sense that for soil formation on Java more 
weight should be attached to the content of 
Fe. Ca, and Mg In the parent material than 
upon Its content of Sj . As to the Fe con- 
tent, a differentiation must be made be- 
tween the forms In which this element orig- 
inally occurs. In the course of the sub- 
aerlal weathering on the mountain slopes 
magnetite and llmenlte are almost not at- 
tacked at all, thus In soil formation under 
such conditions they behave merely as In- 
different sand grains. Olivine, auglte, 
and hornblende, however, do break down. 

They supply the principal proportion of the 
Iron hydroxides which color the soil brown 
and red. In the third place Iron In the 
volcanic glass, If It be present, has this 
Important effect, namely that It Increases 
the weatherabllity of the glass, and, once 
free. Increases the quantity of the color- 
ing Iron hydroxides. 

With a given Fe content, say 4^', 
we can think of the following possible or 
Imaginary types of volcanic ashes or tuffs: 

1. Practically all the Iron Is 
present as magnetic Iron sand and dust. 
Other "dark” minerals are as good as lack- 
ing. Thus much Ca and Mg cannot be pres- 
ent. The glass and the feldspar are on the 
acid side. The ash or tuff Is pale, al- 
though somewhat grayish because of the 
black magnetic Iron powder. Subaerlal 
weathering produces a soil with very little 
Iron oxide, thus certainly not an Inten- 
sively brown or red- colored soil. 

2. Practically all the Iron Is 
present In the form of hornblende. Conse- 
quently a larger proportion of Ca and Mg. 

Is also present. The plagloclase Is 
richer in Ca, the glass Is Intermediate. 

The Iron content In the hornblende is 40^ 
of the whole. Then If the Fe content of 
45^' be accepted. It Is 10 % of the horn- 
blende, making this mineral dark green. 


Consequently the rock Is not grayish white, 
but a dark greenish gray. Subaerlal weath- 
ering of this mineral results In a soil in 
which nearly all of the Iron Is precipi- 
tated. Hence It Is an Intensive brown 
color later changing to a reddish brown. 

3. Practically all the Iron Is 
present In the form of glass. Such glass 
Is then black or a deep dark brown when 
seen as small splinters. Black, basaltic 
pumice stone or lava, or cinders or slag. 
Weathering as above-mentioned, results In 
a dark brown to dark red lixivium. 

Now when soils have originated from 
the materials mentioned under (1), (2), or 
(3) they differ in much more Important ways 
than merely In color, for color, considered 
by Itself, Is quite unimportant. A blind 
man would not notice It any more than do 
the plants which grow upon It. In the 
first place there are the differences In 
the perviousness for water and air, as 
has already been mentioned on pages 131 
and 139 . Colloidal iron oxide when In 
the proper colloidal state and subdivided 
through the soli, makes the soil looser, 
more friable, and more pervious for water 
and air. When such a soil dries It forms 
no hard, stone-llke clods, but of Itself 
breaks down Into a finely granular mass, 
predisposed, for example to "dry wash" 

(see pages l40-l4l). Such a soil Is also 
easily Intensively leached of such bases 
as K, Ca, and Mg which are so much needed 
by the vegetation. 

In case (l), the iron Is lacking. 
Thus In spite of the magnetic Iron sand 
content there originates from these pale 
tuffs a pale, bright-colored, heavy sort 
of soil, which all too rapidly becomes Im- 
pervious. But then the subaerlal weather- 
ing Is also finished and, with the climatic 
conditions such as often occur In East 
Central Java, namely a definite alternation 
of a rainy season with a dry season which 
continues for a long time, such a soil 
changes to an amphibian or an alternating 
weathering soil. Then the black soil can 
foi’m, a soil which at the present t^lme on 
Java Is often called "tufgrauwaarde" (tuff 
gray earth). On pages 164-170, this 
soil type has been described in general 


157 . L. Ruttan, Krltlek, Ind. Mercuur, 57 (1954), pp. 211-215. 
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terms. There is Important specific infor- 
mation concerning it by Tollenaar/^® who 
for example "found everywhere along the 
foot of the southern mountains" (in Soe- 
rakarta and Jogjakarta) "an older volcanic 
tuff which is sometimes composed of very 
fine material and then is white in color 
Most times layers of somewhat coarser, 
sandier, old volcanic material are depos- 
ited on it. Both sorts of rocks weather 
to a heavy, gray, cracking soil . Sometimes 
the sandier rock runs somewhat to a rose 
to brownish red" (it is thus apparently 
somewhat richer in iron, like the materials 
described under (2) and (3). Although 
somewhat less heavy than the bluish black, 
calcareous marl soils (they slake down 
less crumbly), this "tuff gray earth" is 
unsuited for tobacco. Both during droughts 
when the soil is a mass of hard clods, and 
during rains, when the soil runs tightly 
together, the structure is bad. It may 
also be remarked that only sporadically can 
we demonstrate in this rock any CaCOa. 

Upon extraction with 23^ HCl the lime con- 
tent of the tuff gray earth is significant- 
ly lower than that of a lime marl soil." 

This lengthy quotation shows the 
differences between this soil type and the 
many other kinds of brown and red soils, 
likewise originating from tuffs, but from 
other kinds of tuffs. From where the 
above-mentioned "fine, white tuffs" have 
come is as yet unknown. Nor is it known 
where the coarser constituents from the 
same eruptions fell and accumulated. The 
following general remark may, however, be j 
added: If more or less fine, pale to white j 
tuffs are found, then it is possible that j 
these have originated from a single erup- 
tion from one or another volcano, which for 
this occasion obtained the material from a 
single mass of magma, richer in silicic 
acid and, for example, in K, but poorer in j 
feralc elements, something to which Verbeek ! 
has repeatedly called attention. But 
also it la possible that the tuffs had had 
their origin in an ordinary magma which 
would normally give rise to an andesite but 


the "andesitic" ash, after the eruption had 
undergone a differentiation in the atmos- 
phere. 

It should not be forgotten that sea 
currents can bring about a differentiation 
similar to that which the wind can. Marine 
tuffs of very different, primary mineral 
content are found which Indicate such a 
separation of material. Contrary to earlier 
theories, it is not necessary to always make 
submarine volcanoes responsible for marine 
tuffs. We have already considered a beau- 
tiful example of that in the Danau volcano 
of Bantam (see page 368 ff.). 

Finally it must be kept in mind 
that large rivers also bring about a con- 
siderable sorting of ejecta. The gravel 
and sand are rolled over and over as collu- 
vium on the bed of the river and sorted. 
Wherever it finally comes to rest, it is 
certain, on the whole, to be more basic, 
more femlc and richer in iron than the 
original magma was. The pulverzled por- 
tion of the stream load is carried forward 
in suspension by the river on into the lakes 
or out into the low plaln--ln cultivated re- 
gions, however, also into the paddles. 

With rapid decrease of the current to al- 
most still water the suspended silt settles 
out. Chemically its composition is then 
without doubt more acid, and bicher than 
the original magma was in fine glass of 
pumice stone character. Differentiation 
brought about in this way has taken place 
long ago on a large scale, or again and 
again on a smaller scale, which comes to 
the same thing. Now there are such fine, 
white layers of ash hardened to tuff that 
upon first sight one is Inclined to think 
of earlier eruptions of acid magma. Hence 
while that could have been the origin, it 
is not necessary to explain it in that way. 

This is apparently demonstrated in 
Eastern Central Java, among other places, 
in the deposits of the Brantas, a river 
which has repeatedly received great quan- 
tities of andesitic Kloet efflata to carry 
forward and sort out. About this Whlte^®^ 
wrote as follows "Through his researches 


158. D. Tollenaar, AgrogeoT^e en grondiaarteerlng v/h V. ged. v/h Voretenl. tabaksgebled. Voordr. Klaten 
ProefBt. VoTBt. Tab. (27 Deo. 1950), P- 6. Idem , Bljdr. Kenn. agrogeol. grondtypen voret. tab. geb., 
Meded. ProefBt. Vorat. (1952), Table 75, PP- 16-21*. 

1^9. Floods of reforonces! 

160. See this book, pp. 23-25, 35, 495* 

161. J. Th. White, 1. c.‘, Veral. le Verg. Vereen. Proefst. Pers. (Bultenzorg, 1921), p. 97- 
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Table 134 


QUANTITIES OF K AND Na IN EASTEKN CENTRAL JAVAN SOIIfl FOUND 
BY DIFFERENT METHODS OF ANALYSIS 



Total content 

In HCl extract 

KjP ( 3 ) In 

NagO ( 4 ) In 






of ( 1 ) 

i of ( 2 ) 

Soil Sample and Origin 

KgO 

Na^p 

KgO 

NaaO 




( 1 ) 

( 2 ) 

(3) 

( 4 ) 

( 5 ) 

( 6 ) 

Tand joengearlo— Sltoebondo—Idjen . . . 

1.53 

2.90 

0.220 


14.4 


Kandangdjatl — Probollnggo 

1.29 

1.72 

0.11*9 

0.118 

11.5 

6.9 

Gealekan — Jogja — ^Merapl 

1.05 

2.00 

0.129 

0.188 

12.5 

4.4 

Vonoprlnggo-Pekalongan 

1.02 

1.11 

0.135 

0.058 

13.2 

5.2 

Poervodadl — Madioen— lawoe 

0.75 

2.16 

0.025 

0.049 

3.3 

2.3 

Pandafin — Paeoeroean 

0.75 

1.93 

0.065 

0.091 

8.7 

4.7 

Gendlng — Probollnggo 

0.62 

1.34 

o.ljl* 

0.109 

21.6 

8.1 

Wonosarle— Solo — Lavoe 

0.53 

1.67 

0.062 

0.074 

12.9 

4.4 

Poerwoasrl— Kedlrl— Kloet 

0.48 

2.58 

0.050 

0.179 

10.4 

6.9 

Tuln Pakoentjen POJ— Paeoeroean 

0.44 

0.86 

0.082 

0.069 

18.6 

8.0 

Modjopangoeng— Kedlrl 

0.37 

0.97 

0.054 

0.082 

9.2 

8.5 


Marr has clearly demonstrated that the 
sugar cane lands lying to the east In the 
Brantas delta are richer In K than those 
clay soils found near to Modjokerto and 
these again are more plentifully provided 
with this constituent than are the sandy 
Kedlrl soils." 

Measurement of the plant nutrient 
supplying power of the soil ; Besides many 
determinations of K extracted In all sorts 
of ways, but giving far less than the total 
amount, these researches by Marr^®® also 
Included a few total analyses ( solution 
with HF) giving all the But very un- 

, fortunately these few samples are not from 
the Brantas delta. The reader must not 
forget to keep In mind that Marr's conclu- 
sion mentioned above. Is based on figures 
obtained by analyzing extracts made espe- 
cially with HCl. That these analyses run 
approximately parallel with total analyses 
is Indeed to a certain degree probable, 
but analytical determinations are as yet 
anything else but too abundant. This Is 
Illustrated by the following data from 
Marr (see Table 134 above). ®^ 

If the quantities soluble In HCl 
actually ran parallel with the total 


analyses, columns (5) and (6) would have 
quite constant figures. But such Is not 
the case. When for about 10 soil .samples 
out of the drainage basin of the Brantas 
river Marr recorded values for the HCl 
soluble K content, running from 0.145& 
(Boedoeran, East Soerabaja) to 0.055^ 
(Poerwoasrl, Kedlrl), then judging by the 
percentages In the above table It la just as 
probable that the total K content Is \l2t as 
1^. Thus HCl extracts do not give us any- 
thing definite as to the total K so that 
direct determinations of total K are necessarj 

For agriculture an Important ques- 
tion Is: What Is the total amount of a cer- 
tain plant food material present In soliv 
But a very much more Important question is: 
How much of this food can the plant get 
possession of during the time It Is grow- 
ing In the field? While this Is not the 
place to discuss this fully, It Is worth 
while to briefly mention how In Java In less 
than half a century the conceptions regard- 
ing these points have changed and so have 
altered Ideas about the soil and the re- 
searches which ought to be carried out. 

Total analyses have been made only 
very sporadically. The method, whether it 
be solution of the sample with HF, or fusion 


,162, Ih. Marr, Over kali en phoephorzuur in onzen bouwgr . , Arch. Java-Sulk. Ind. (1907), pp. 429 -^ 7 ‘ 

163. L. c ., pp. 437, 446 - 449 . 

164 . Marr, 1 . c ., pp. 456 - 458 . 



MEASUMMENT OF PLANT NUTRIENT SUPPLYING POWER OP SOIL 


637 


with soda, Is expensive because of the 
platinum equipment neoessary. This has 
leterred practically all researchers. In 
the Netherlands Indies ’'Codified Procedure 
for Soil Research" (1913) the method of 
total analysis of soil Is not Included at 
all. 

For the past hundred years, re- 
searchers have chosen to use strong adds 
for extraction on the hypothesis that l^t 
such a solvent would quickly dissolve all 
the material available for the plants, and 
2 nd what did not dissolve In such a sol- 
vent had no value for the plants. Par- 
ticularly as the result of the experience 
gained by cultivation and crop experiments, 
it gradually became evident, however, that 
both these hypotheses were incorrect. Some- 
times the plants could not get possession 
of what the strong acids were able to ex- 
tract, then again In a growing period of a 
few months the plants were able to extract 
more of a certain plant food material from 
the soil than the strong acids had. At 
the same time the biologists were contend- 
ing that plant roots do not use strong HCl 
nor HNO 3 . Hence the search for other meth- 
ods continued, so that satisfactory answers 
to the above questions could be given 
at least roughly. 

There now followed extractions with 
or VJb citric add. It was based upon 
the Idea (indeed somewhat rough) that the 
effect of such an extractant would Imitate 
the action of the roots upon the soli. 

Most certainly this method has given data 
of some value. Even so it became more and 
more evident that the results were too 
rough and uncertain an approximation of 
what the soli possessed of "directly assim- 
ilable plant food substances." Though In 
practice difficult to carry out, another 
step In advance was made by extracting with 
water containing CO 2 . Then extractions 
were tried with pure water on the basis 
that since CO 2 which Is generated In the 
soil la a factor In solution, CO 2 would 
also be generated In the soil samples In 
the laboratory. A recent example along 
this lino Is that of the Sugar Experiment 
Station at Pasoeroean which not long ago 
on the ground of the extensive and thorough 
researches by Miss Ir. Neep^®® abandoned 
the citric acid extractions for phosphorus 


and Instead Is using pure water extractions. 

Obviously with progressively weaker 
extractants the solutions for analysis be- 
came more and more dilute, approximating 
the composition of the soil moisture and 
the natural conditions In which the plant 
roots carry on. While this Is certainly 
an advantage, the analytical procedure to 
determine accurately the extremely small 
quantities of plant food substances becomes 
more difficult. In this, howeveq there Is 
continual progress. 

Finally In this summary I should 
add that as a result of the progress In 
colloid chemistry In the last quarter cen- 
tury the conceptions regarding the form 
and nature of the soli constituents have 
totally changed and consequently the Ideas 
relating to the manner In which the plant 
food substances exist In the soli have 
also changed. In this book I have repeat- 
edly referred to the microcrystal lattices 
and the mutual exchange possibilities of 
different bases. Without going into this 
matter further, suffice It to say that at 
the present time It Is realized that It Is 
not enough to determine a single base, such 
as K or Ca, In a number of solljs and from 
this data to draw conclusions regarding 
too much or too little of certain bases In 
the soli. On the contrary It Is necessary 
to determine the entire absorption complex 
thus K, Na, Ca, Mg, NH 4 and H before one 
will be in a position to judge the fertil- 
ity and deficiencies of a soil In so far 
as It relates to this side of the question. 

The Inescapable consequence Is much 
more work for the chemist but also greater 
certainty, because with more knowledge It Is 
possible to draw more nearly correct conclu- 
sions. But- -with all that, we are still not 
yet where we would like to be as to the 
knowledge of the plant nutrient supplying 
power of soils. Fpr all these analyses, car- 
ried out In glass, give only statistical re- 
sults. They Indicate how much of a certain 
constituent Is present, In total or In cer- 
tain more or less relatively soluble forms. 
The taking up of this constituent by the 
plant roots, although this also takes place 
In such very small quantities at a time Is, 
however, a dynamic process . The roots are 
continuously taking up substances and contin- 
uously the supplies of these sdbstances must 


165. 0. A. Keep, Msited. Proefst. Java Sulk. Ind. (1935). »o- 20; Archlaf J. S. I. pp. IO3I-IO88; eapeclallj 
p. 1085. 
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be made good In the soil moisture surround- 
ing the root tips. So long as the plant 
lives and feeds there must be movement; 
movement of the moisture itself, to supply 
the water needs of the plant; and movement 
of the food substances in the soil moisture 
to feed the plants. The growing of the 
root tips meets this movement half way, for 
these grow out in search of water and food. 
There must not cnly be moisture and food 
materials present, and the latter must not 
only sufficiently soluble , but they must 
be able to move with sufficient speed. If 
they cannot do that, then the plants can- 
not get them, at least, not in sufficient 
quantity, for if the water and nutrients 
cannot move fast enough to the roots, the 
latter have to grow out to where the mois- 
ture and the plant food substances exist. 

It is quite conceivable that while 
an analysis in the laboratory may indicate 
abundant moisture and plant foods in a 
soil sample, yet the plant languishes be- 
cause the soil is too Impervious, and/or it 
Is too difficult for the roots to penetrate. 
This is not merely an imaginary case, for 
it has been established by experience that 
there are very heavy loams and kinds of 
clay on which sugar cane, cotton, and beans 
grow very well, but on which tobacco or 
peanuts do not yield a crop, because their 
roots cannot develop extensively. 

As a consequence, all the above- 
mentioned chemical analyses are not more 
than ’’half work.” That is, we cannot do 
without them, yet on the other hand we must 
supplement them with research relating to 
the speed of movement of the moisture in 
the soil and the movement of the plant food 
materials in the soil moisture. 

It is quite in order to mention 
here that the idea of the "making up of de- 
ficiencies” is no longer new. In the pre- 
viously mentioned paper by Miss Neep (1935) 
it was stated how according to the 


method of Von Vrangel 1-Andronikow "the 
speed of delivery" was determined. This 
was done by shaking a quantity of soil 
with 100 times as much water for a few 
hours, separating soil and extract, and 
repeating this several times; the extracts 
were then analyzed separately. This is In- 
deed one step in the right direction, but 
still it does not go far enough. It does 
determine whether, after the roots have 
taken up the dissolved plant food materials 
from the soil moisture, the soil can again 
supply fresh quantities of those plant food 
constituents to the soil moisture and how 
much it can supply. But in this method the 
Important factor of rate of movement of the 
soil moisture in the soil remains entirely 
out of consideration. It must be admitted 
Neeb has obtained significant results with 
respect to P, significant to the extent 
that better correlation was obtained between 
the figures of analyses and the results of 
the field experiments. 

But this treatlse^®^ is also impor- 
tant for the Netherlands Indies because it 
marks a complete break with the old system 
of soil analyses by themselves^®® and be- 
cause the emphasis is placed upon the neces- 
sity of first determining the kinds of soils 
as such, as soil types, then as carefully 
as possible to find the "normal” soil of 
each type and thereafter to analyze and to 
judge the soils. It is Indeed too bad that 
during the years of the crisis the soil sur- 
vey and mapping were so seriously retarded, 
otherwise there would have been a large 
amount of significant data available for 
this discussion. 

The above digression regarding soil 
research in general was called for in con- 
nection with the review of soil types of 
young volcanic origin, which are found in 
Eastern Central Java.^®® 

Whenever the parent material is 
really coarse and contains a large 


166-167. In addition to this and other papers hy Miss Neeh, along the sains line there are others hy Brinl, 
Domandt and others, published during the last decade by the Experiment Station for the Java Sugar 
Industry. 

166. CoBnpare: Kesult, chem. onderz. rletgr. Java door C. H. van Harreveld — ^Lako, Meded. P. J. Si I. 19 ^ 6 ; 

No. 20 and the whole series df publications by 0 . Arrhenius in the Arch. J. 3 . I. (1927-I929). 

169. Of course also elsewhere on Java, and elsewhere in the Archipelago; but particularly charaoterietlc 
of the region we are now considering. 



FACTORS AFFECTING PLANT NUTRIENT SUPPLYING ABILITY OF SOIL 


639 


proportion of dark minerals, as on the 
slopes of volcanoes and in sandy river de- 
posits, then because of the large amount 
of iron oxides, the soil formed from it 
through weathering is really quite pervi- 
ous. The soil moisture can easily circu- 
late in such a soil and the plants can, 
without ftiuch difficulty, develop an exten- 
sive network of roots. If, on the contrary, 
the parent material is fine and contains 
predominantly finely powdered pale glass, 
as in aeolian ash deposits at great dis- 
tances from the volcano and in the fine 
alluvia close to the coast, then water 
movement is slow. Moreover, through the 
weathering which tends to produce a heavy 
clay, this condition does not Improve. On 
the contrary the permeability approaches 
zero and the roots of many plants have the 
greatest difficulty in penetrating such a 
soil. As a result many kinds of plants, 
so to say, become discouraged because of 
lack of air in the soil. 

In this connection the reader will 
see clearly that certain statistical fig- 
ures regarding the content of N, P, K, Ca, 
etc. in the soil, such as are obtained 
from a chemical analysis may easily be 
misleading. On easily pervious soils, for 
example light sandy loams, even with low 
analytical figures the plant food sub- 
stances for a number of crops will still 
be more than adequate whereas on heavy clay 
even with high figures from the analysis. 

It is by no means certain that the plants 
vlll not suffer from both lack of water 
and lack of food substances, On very sandy 
soil also there may even be a lack of water 
and lack of food in spite of high figures 
from the analysis, since such a soil can 
hold but little water and a slight drought 
Is very quickly felt. Especially is this 
so if after a first period of abundant 
water supply a sharp drought occurs and 
the crop is taken by surprise, as it were, 
lor in the beginning with a relatively 
small and shallow root system it had been 
adjusted to abundant soil moisture. 

Prom .this point of vlew^^° let us 
now glance at the deposits of ash from the 


Merapl and the Kloet which are fresh or as 
yet hardly touched by weathering. 

Relating to the Merapl, Tollenaar^’^^ 
gives good details. The high, steeper 
slopes have soils full of stones (volcanic 
bombs). These soils lie mostly within the 
forest reserve. Unless whole portions come 
downwards as lahars, or new eruptions again 
cover the whole landscape in a new dress of 
ash and stone (see Fig. 226, page 640) they 
can gradually weather to good, forest soil 
rich in air and moisture. Lower down the 
slopes there is a smaller proportion of ash 
which has landed directly out of the air. 
Consequently this ash contains less stone, 
more sand, and also more fine dust. This 
is the condition on the ridges and other 
convex parts of the terrain. In the val- 
leys and ravines lahars and spates have 
rushed down filling up rather than ex- 
cavating those concave portions. The best 
known is the Woro terrain, which is coarse, 
sandy and full of smaller and larger stones. 
The Woro river has carried on the very fine 
sand and silt and has deposited them on 
lower stretches. Such a lahar sand river 
has built up a very odd bed (see Fig. 228, 
page 64l, also Fig. 227, page 64o). 

The whole of the bed lies several 
meters above the surrounding landscape. 

Along each side of the channel there are 
small, not high, little dikes (natural 
levees) . During low water a shallow stream 
flows along each side of the bed while in 
the middle is a slightly rounded sand bank. 
The cross section is like that of a road 
on a dike. The Kali Konto river, after it 
has left the mountain ravine and has come 
out into the low lands, flowing north- 
northwestwards from the IQoet, shows the 
same profile. 

It is obvious that such a river 
is a continuous threat to the surrounding 
land, for after each heavy rain in the 
upper drainage basin there is the danger 
of spates overflowing, or breaking through 
the dikes. When this happens the cultivated 
fields which are lower than the stream bed 
are covered over by sand. Both the Woro 
and the Konto are notorious for this. As 


These "que'etlonfl of fertility" havo been beautifully worked out In a communication by F. Sekera, 
w# AnpasBung d. WingerwlrtBohaft an dla WaBBarrersargung d. Pfl., In: Die PhoaphorBaure 5 (1953), 

pp. 1-63. 

m. D. Tollenaar, Bljdr. tenn, agrogeol. grondtjpen VorBtenl. tab. gebled, Meded. 75 . Proefet. Teratenl 
Tabak (1952) with beautiful photographs! 
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Photo by E . C . J . Molir 


Fig. 226. Western slope of the Merapi, Kedoe. Edge of the lahar 
from the Blongkeng ravine. Paddy killed not by covering with sand, 
but by warm, acid water. In the background at the right troce 
singed by the Incandescent volcanic cloud (ladoe). 



Photo by L. P. de Bossy 

Fig. 227. K. Loesa river, a tributary of the Woro, Soerakarta. The 
bed has been changed Into a dike, through overflowing and man’s 
help. Time and again the sand bank In the middle has been dug out 
and the excavated sand used to build up the banks Into small dikes, 
between which nature has again raised the bed. 
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Fig. 2r?8. Profile across the channel of the Woro River, page 639* 


a protection a certain tract of land (the 
"Woro triangle") haa Leen reserved to 
catch and retain such floods of sand and 
gravel, so that there will be less danger 
of other, good agricultural lands being 
ruined. 

In the lower, flatter region at 
the foot of the Merapl, lying especially 
southeast from this cone mountain, but 
also south-southeast and east, Tollenaar 
mapped the different kinds of soils .and In 
so doing he has differentiated the f' flow- 
ing soil types: 

A. Recent andesitic deposits from 

the Merapl (western tobacco region). They 
are very juvenile, and are without devel- 
oped or .weathered prof lies Subldiv- 

slon of the soils within this typo are 
according to the texture of the surface 
soil and the height of the ground water 
table, from the standpoint of agricultural 
requirements . 

The young ash is readily cemented 
together to form layers of tuff, padas or 
vadas (cf. in this connection pages 14^, 
l44 and Frontispiece a). As a result 
of this padas formation (see Fig, 229, 
page 642) In the surface soil the weather- 
Ing can proceed In another direction, 
n.'^mely, toward amphibian or subaqueous 
conditions. This la however not always 
the case. 

B. The old crater wall of the Mera- 
pl, lying to the east an4 southeast, called 
"Geger Idjoe" (= green wall) because It has 
been overgrown by forest, has, at least for 
the ^last few centuries prevented the caving 
off and sliding down of fresh ejecta toward 
the southeast. Thus below this old crater 
vail, fine ash could only have reached the 
ground directly from the air and from the 
glowing volcanic clouds (ladoes). These 
aerial deposits have thus far weathered to 
^ry, brown andesitic dust soils, the first 
stage on the road to brown lixivium. They 


may be compared with the so-called "tarapan" 
soils of East Java and the "andlr" lands of 
Cherlbon. 

Lower, on flatter terrain, In so far 
as they are not covered over by the above- 
mentioned fine deposits from the air, there 
occur two different, somewhat older soil 
types. 

(a) On higher convex portions, such 
as ridges, lies a still quite' juvenile "an- 
desitic laterlte soil," with Inadequate 
water holding capacity so that the vegeta- 
tion, such as tobacco, often suffers from 
leak of water. 

(b) In the cqncave, lowest parts, 
with a high ground water level the "ande- 
sitic tuff gray earth" a heavy clay crack- 
ing extensively has developed. While lime 
concretions are certainly not typical for 
this gray tuff earth, yet here and there 
they do occur In It. The pH of fresh 
Merapl ash, as It falls from the air, Is 
about 8.9, thus it Is strongly alkaline. 
Lahar mud can be much more acid (pH = 4.9), 
because of much sulfuric acid in the 
water from the environs of the crater. But 
mud flows with low pH area phenomenon much 
more temporary and local. For in Itself 
the ash certainly has an alkaline reaction. 

Both types lie on padas which is 
usually not deep below the surface and, 
according to Tollenaar, have without any 
doubt originated from this padas (in other 
words, via the padas stage) . 

The entire picture sketched by 
Tollenaar agrees fully with the concep- 
tions given above (pages 144-172). Also 
Tollenaar has suggested that the tuff 
gray earth has perhaps originated from 
finer material than the brownish red lixi- 
vium. 

He records further that on "marly 
tuffs" soils occur which In many respects 
are closely similar. He gives, among 
others, the following analytical data (see 


bTThe Ruaelan school Gaya of such soil "that ns a whole It la still not a soil." Nevertheless here 
tohacoo^ sugar cane, rice, etc., grow very well on this soil. 
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Photo hy L. P. do Bussy 


FifT,. 229. Tobacco plantation In the PrinclpalltleB . The padas, the 
cemented or tuff layer, reached in digging the drains, has been 
taken out and used for walling up the sides of the ditches. Soil 
is a Juvenile Merapi ash, a rich, fine sandy ash loam soil. 


Table l^j) of two samples of soil on the 
same rock taken at a distance of only a 
few meters from each other. 

Tollenaar does differentiate the 
"tuff gray earths" and the "lime or marl 
black earths" from each other In that the 
first named is somewhat less heavy (de- 
gree of heaviness^ 8-9, as contrasted 
with the last named which is always lO) . 
Yet he did not succeed any better than I 
can in giving a conclusive explanation as 
to why in one spot the weathering runs in 
the direction of red earth and in another 
spot, under apparently practically identi- 
cal external conditions, black earth 
develops from approximately the same par- 
ent material. Therefore it is to be re- 
gretted that besides the above valuable 
analytical data there could not have been 


added total analyses of the two kinds of 
soils investigated as well as of the "rock, 
the tuffaceous parent material. Mechanical 
analyses, as well as mlneralogical and 
chemical analyses of the fractions also 
might perhaps have thrown some unexpected 
light upon the problem. 

c. Along the northern foot of the 
Southern Mountains there are tuff gray 
earths which have originated from the 
"light colored, layered, quite acid (an- 
alyses are lacking) ,trachytic to dacitic 
tuff, the lowest part of which consists 
mostly of quite fine gravel material, cm- 
ered over with coarser, sandier tuff. 
Whlte^^^ considered these tuffs to bo "tra- 
chytlc to liparitic." However that may be, 
this tuff certainly does not possess much 
dark, iron-rich minerals and it Is certain 


175. Determination according to Atterborg, 
ind. in N. I. No. 40 (1928), p. IO5O. 


adapted to the Netherland Indies by: G. Booberg, Arch. Sulker- 
0. Arrhenius, Arch. Suikerind. in N. I, No. 5 (1928), pp* 


209. 


174. Tollenaar, 1. c ., p. 25. 

175. J. Th. White, Versl. 4e Verg. Vereen. Proefst. Pers. DJocJa (1923), P 
in Ned. -Indie (1923), P- 128 (1924). 


. 82; also Jaarv. Topogr. 


DleiiQ^ 



EAST -CENTRAL JAVA - -TUFF GRAY EARTHS AND CALCAREOUS BLACK EARTHS 




Tatle 155 


CCMPARISON OF A CALCAREOUS BLACK EARTH WITH A RED LIXIVIUM SOIL 


"Rantjamlnjak" 
("Calcaroous 
black earth”) 


"Laterlte soil” 
(actually a rod 
lixivium) 


Acidity, degree of, pH 

Exchange capacity 

H 

Basea 

Ca 

Degree of Saturation with lime 

CaO (soluble in HCl) 

(citrate soluble) 

P2O5 (HCl soluble) 

(citrate soluble) 


7-6 


2.5 

9 ‘ 3.6 

69.0 

70^ 

1.772 

1.184 

0.009 

0.004 


5.7 

54.0 

12.0 
22.0 
13.4 
395 ^ 

0.378 

0.364 

0.015 

0.002 


that these tuffs weather to tuff gray 
earths containing a considerable propor- 
tion of quartz grains. From where these 
Tertiary, acld^”^® tuffs could have come 
has, Incidentally, not yet been determined. 
It does not appear to be impossible that 
their origin must be sought for south of 
the present day Lawoe cone, but with ref- 
erence to this neither Verbeek and Penne- 
nor Taverne^"^® give sufficient light. 
In Table 113 page 360 Is an analysis of a 
"pale" tuff coming from the Goenoeng Bangak 
or Bangkak, south-southeast from the Lawoe. 
(See the profile in Fig. 2 ) 0 , page 644). It 
is true that this tuff is no longer entire- 
ly fresh {H 2 O + Is more than 4;^), but the 
Ca content, which usually rapidly decreases 
early In the weathering process is still 
more than 3^ CaO. The very low content of 
Fe and Mg Is astonishing. From this tuff 
at an elevation of about 120 m. there has 
developed a quite typical gray earth, the 
black Madloen clay (see Fig. 37, page 171 ) 
with all forma of CaCOs -concretions . 

Travelling around through the 
districts of Soerakarta and Madloen, we 
cannot escape from the Impression that In 
the place the Lawoe now stands, or better, 
the Koekoesan or Djogolarangan, once, 
possibly In Pliocene time, volcanic activ- 
ity had commenced with an enormous erup- 
tion of iron-poor, slllclous, relatively 


acid ejecta, of dacltlc to llparltic 
nature. That later the eruption of more 
basic magma, with less gas, had broken out 
In that locality and had built up the Lawoe 
as well as also other volcanoes along the 
northern edge of the Southern Mountains and 
even had reached the surface In smaller 
mountains, north from the Lawoe. This basic, 
andesitic to basaltic magma formed more lava 
streams and larger and smaller bombs, there- 
fore remaining much closer around the point 
of eruption, so that these basic ejecta only 
partly covered over the pale tuffs. 

In this way is explained the great 
extent of black earths In the plains and on 
gently rolling hilly land of southern Soera- 
karta, northeastern Soerakarta, and Madloen 
(see Pigs.. pp. l67~173). 

Already long ago the hypothesis 
that In an earlier time, namely In the last 
part of the Tertiary and the beginning of 
the Quaternary, the Solo River flowed out 
at Ngawl; not toward the north through the 
marl ridge there, but eastwards via the 
present bed of the Kali Djeroan and after- 
wards that of the Kail Wldas, so that the 
Solo River united with the Brantas at the 
elevation of Lengkong. Lahar streams coming 
from the Wills in the south, and from the 
north from the Pandan, formed a dam between 
Saradan and Vllangan, which cut the river 
off. The Solo river must then have formed 


^ ^PosBlblj acid as long aa no analyeea are made available. 

^77. Verbeek and Fennema, Geol. beschr. enz. (1896), PP' 247 , 317 
178. N. J. M. Taverno, Vulkanol. Meded, No. 7 ( 1926 ), p. 117 - 
^79. Cf . ; Verbeek and Fennema: pp. 258, 251 * 
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Photo by E. C. J. Mohr 

Fig. 250. Region of the Rodjoearl mill, near the village of 

Poepoee, Madloen. Soil profile exposed by a fresh excavation. On 
the older deposits the "fossil soil" already weathered to a dirty 
white clay (a) lies newer, pale ash, hardened to tuff (b) on the 
upper surface weathered to black earth (c). Granular calcium car- 
bonate concretions in (c) at the left above; threads In (b) In the 
center. An analysis of (b) has been made. 


a lake. And 30, because of the nature of 
the relief of the hinterland, the districts 
of Madloen and Soerakarta, and since the 
average discharge of the Solo rlver^^"*^ Is 
268 m.^/sec., which amounts to 8.10 m."* 

per year, In ^ to 4 years the water must 
have completely submerged an area of about 
2,000 km.^, that Is, the nresent day area 


of these districts below the 100 m. contour 
line. Around the edges the submergence waj 
of course only shallow, but at the deepest 
spots about 60 m. deep. 

If the lowest point In the marl 
ridge which was cut down Into In the north, 
was about 100 m. hlgh,^®^ then the lake 
must have overflowed, gradually cutting the 


180. See: Versl. Comm. v. Advlos nopens Werk l/d Solovallel (19OO), p. 8. Average outflow, Nov. -Apr.: 

440 m. and for May-October . ; 92 ra.^. The amount of the runoff at the time of the cuttlng-off cotan- 
trophe Is of course unknown. 

181. On p. 250 of the above-mentioned book Verbeek says: "It is clear tliat with heavy eruptions of Willie 
and Lawoe, the Madloen river and also the Solo river as a consequence of the bursting out of Merapl, 
Merababoe and Lawoe, must have carried away colossal quantities of ash and sand with water mixed to 
a sludge, which repeatedly flowed over the Tertiary series of hills.... It does not seem to me Im- 
probable that the thin tul'f layer, which covered marls of Madloen to 100 m. and even 1^0 m. above 
the plain (l^O to 200 m. above the sea) should be ascribed to overflows of the Solo and Madloen 
rivers, after heavy volcanic eruptions." 
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threshold and the new river hed through 
the marl ridge down to the present day ele- 
vation# so that the draining of the lake 
must have taken a very much longer time 
than Its filling up. This presumption Is, 
however, based upon the fact that the 
northern marl ridge at the time of the 
heavy eruptions must have been at an appre- 
ciably lower elevation above the sea^®^ 
than now. It Is quite conceivable that 
the supposed fresh water lake never did 
have this extension over the Madloen plain 
and the plain of Solo to the present day 
100 m. contour line Prom that view point 
It appears now by no means so plausible as 
I formerly believed, and as some even 
yet believe, that the formation of the 
black Madloen clay or tuff gray earth must 
be the result of a previous marsh stage 
toward the end of the shrinking of the 
large lake. This nov seems to be quite 
erroneous, for at many places this soil 
type lies higher than the lake level over 
could have stood--lt occurs even higher 
than 150 m. above sea level. For that 
matter here and there the tuff gray earth 
occurs even a hundred meters higher. Con- 
sequently the formation of this soil type 
cannot be explained by the hypothesis that 
It waa onne a lake bottom soil, then swamp, 
and finally dry. 

But this does not mean that the 
soil has been placed Into the group of 
soils formed by subaerlal weathering— quite 
the contrary I We must accept that the par- 
ent material is very Impervious to water 
(and air). On relatively flat terrains In 
the rainy season it has lain continuously 
soaking wet, while the reaction of the 
unaerated soli moisture was clearly alka- 
line, and this always hindered a proper 
crumbling and entrance of air. Under such 
c^ondltlons the typical clay minerals which 
came Into existence belonged to the mont- 
morlllonlte group, already discussed on 
pages 526-527 above. These minerals are 
the ones to which one Is Inclined to 


ascribe the high plasticity and stickiness, 
the strong swelling and shrinking power, and 
the great power of absorption which char- 
acterize these soli types. 

Meanwhile there is still another 
possibility which may be mentioned: If 
the elevation of the land 100 to 200 m. 
higher above the sea, of which there Is 
mention In the above quotation from Rutten's 
lectures, should also apply to these 
stretches, then that would signify that the 
sea formerly covered the high lying plains 
of Madloen and Solo perhaps 100 m. deep. 
Consequently the tuffs formed during that 
time would for the greater part be marine 
tuffs. But since no marine fossils have 
ever been found In these tuffs, one must 
either give up this hypothesis, or else 
I assume that the elevation of the land, at 
least to just above the level of the sea, 
must have taken place before the great 
eruptions of fine ejectas, which have now 
hardened to the pale tuffs. But In this 
case the sea could not have played any role 
In the beginning stages of the formation of 
the black earth. 

If a beginning stage of swamp were 
necessary for the formation of this black 
soil the swamp water could not have been a 
peaty, acld-reactlng water which might 
cause the weathering to proceed In that 
direction. In that c^se not only all the 
bases Ca, Mg, K, and Na would have been 
quickly leached out, but -also the iron. 

Below are some analyses (see Table 156, 
page 646) which It Is true, are far from 
complete but, since there Is a lack of 
better, are worth recording here. 


The analyses (5) and (4) are by 
Marr, whl!).e analyses (l) and (2) have not 
been credited to any certain researcher.^®'* 
Apparently soils (l) and (2) have 


IB2. L. Rutten, Voordr. Geol. N. 0. Indie, (1927), P» 150, eaye the surface of the hilly land is 

clearly an elevated peneplain. And thle raising up must have "been very recent geologically for 

Pllooeno layers In the center of the hills, yes, apparently the same layers of the Trinll complex, 
are still clearly folded.” The ’’vertical elevation of t^e entire region amounts from 100 to 200 m." 

183. E. C. J. Mohr, Tropical soil forming processes and the development of tropical soils, with particu- 
lar reference to Java and Sumatra (translated hy Robert L. Pendleton, Peiping, 1933), P- 8I. 

184. See: Result, chem onderz rletgr. Java-Meded. Pr. J. S. I. (1926), No. 20, Archief J. S. I. (1926), 
p. 834; also: Th. Marr, Over padasvormlng. Arch. J. S. Ind. (1907), P* 52 ff. 
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Table 136 


ANALYSES OF "TUFF BUCK EARTH" AND REUTED SOII 5 



(1) 

is) 

( 3 ) 

( 4 ) 

( 5 ) 

3102 • 

57.27 

58.02 

57.95 

54.74 

37.92 

TIO2 


j * 

n.d. 


n.d. 


n.d. 

n.d. 

0.69 

AI2O3 


19.98 


19.82 


20.39 

’ 19.94 

18 . 14 

F02O3 


6.44 


6.68 


8.12 

10.33 

5.21I 7.07 

FeO 


n.d. 


n.d. 


n.d. 

n.d. 

1.651 

Mn304 (MnO) 


n.d. 


n.d. 


0.47 (-) 

0.18 (-) 

- ( 0 . 06 ) 

MgO 


2.22 


2.00 

3.59 

2.79 

1.24 

CaO 

3.66 

3.12 

3.57 

6.00 

5.29 

Na 20 

1.28 

1.33 

n.d. 

n.d. 

3.33 

K2O 

0.53 

0.51 

n.d. 

n.d. 

1.58 

H2O + 

5-90 

6.38 

5.44 

5.11 

4.31 

Humus (CO2) 

2.83 (-) 

2.10 (-) 

0.50 (-) 

1.21 (-) 

- (tr) 

P2O5 

0.073 

0.073 

— 

— 

0.21 

S 

— 

— 

— 

— 

0.21 

Ba 

— 

— 

— 

— 

0.05 

Cl 

— 

— 

— 

— 

0.02 

Cr 203 

— 

— 

— 

— 

0.01 

Total 

100.18 

100.06 

100.03 

100.30 

100.12 


*. n.d. = not determined 


Elevation 
above the sea 

(1) Tuff black earth— Madloen clay — Soedhono sugar mlll-Boola&a village 50 m. 

(2) " " " " " " — Tambakromo village 60 m. 

(3) Subsoil of "white padae" — Modjopanggoeng sugar mill (Kedlri) Slmo village 85 

( 4 ) "Black clay" — Modjopanggoeng sugar mill — Tandjoengsarle village 120 m. 


originated from "Lavoe tuff"; (;3) is quite 
likely "WIII3 tuff," from which (4) may be 
considered to have been formed. Recalcula- 
tion on the moisture free basis, there is 
also added here (see Table 115) (5) the 
analysis of Goenoeng-Bant jak tuff, from 
Redjosarl sugar factory (Madioen), Poepoes 
village, which is quite in agreement with 
the four other analyses. 

As is. evident, these figures do 
not diverge greatly. If samples had been 
included which had been leached by swamp 
water, the content of Fe, Ca, and alkalies 
would certainly have been much lower.- 

* # * * # 

If you now ask: Are the’ volcanic 
products from the Kloet, in comparison with 
those from the Merapi , exactly the same or 


are there notable differences ? Then first 
of all we must refer to the analyses (in 
Tables 22 , page 36; and 115 page 56o). It 
is, however, dangerous to make such a com- 
parison on the basis of the meagre data 
available, because from Merapi, except 8 
rock analyses, only one (old and Incomplete) 
ash analysis is available. On the other 
hand from the Kloet, besides 13 ash an- 
alyses, there is only one rock analysis 
(andesite) from the Gadjah Moengkoer summit 
and one (basalt) from the Goenoeng Soemblng 
summit. It is apparently correct to ascribe 
to the Kloet ash a higher content of-Fe and 
Mg and a lower content of K and P than la 
contained in the Merapi products. But with 
the Kloet ash we ought also to distinguish 
between ash which fell close to the crater 
and that which fell at a great distance 
from the crater. The dark minerals 
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231. Lahar field fre::! 
soils are of practically no 


the Kloet, in Kediri. 
a;Tl cultural value. 


Photo b/ Herrriajin 
For the tine sucii 


hypersthene, augtte, hornblende, with much 
Fe, Mg, and Ca, fall relatively very 
rapidly from the air. Consequently tlie 
ash samples from close to the crater have 
the highest figures for these elements, 
rhe fine blown-out glass of the ash which 
has fallen at great distances Is richer 
In 31 as the distance from the crater 
Increases. As to K and P, however, these 
differences are not so great as those be- 
tween the Kloet and the Merapl, The 
Merapl Is, If one may put It so, more 
ertlle as to P and K. Apart from all 
aorta of other factors. It Is possible 
hat this Is the reason why, although Ke- 
Pi near the Kloet I3 a tobacco region, 
e PPlnclpalitlee and Kedoe closer to 
Merapl have developed Into better tobacco 
Pe^ions . 

The Merapl produced more lava, 
a 30 atones and bomba, and In addition to 
much aah. The Kloet principally 
P oduced ash, sand, boulders, bombs (see 
Igs. 45-118, 50, and 251) and lava, Con- 
sequently the Merapl Is a steep mountain, 

Ue the slopes of the Kloet are much 
® 3 a steep, 30 that more of It can be 


.'lantod. On the Kloet, therefore, are manv 
cihfee plantations, while on the Merael 
there are only few at similar elevations. 

It Is unknown whether the Kloet 
as well as the Lawoe and probably also the 
erababoe and Merapl, and perhaps also the 
Wills as has been mentioned above, had be- 
gun their volcanic development with SlO- 
rlcher, rale efflatas, which later were' 
converted Into "white tuffs." m any case 
lye many later andesitic and basaltic ef- 
llatas have completely covered all the 
earlier ejecta in the surroundings of these 
volcanoes. Thus near the Kloet we do not 
find any "tuff gray earth," nor any black 
clay. In the plain of Kedlrl the soil 
which resembles It the most lies In the 
most distant northwestern corner, at Ngand- 
joek, so that it Is difficult to Identify 
this soil as derived from a Kloet product. 
Much more likely the Wliig and the Pandan 
are responsible for the material, but In 
connection with the above suggested pos- 
sibility that the Solo river at that time 
flowed along In the bed of the’ present day 
Kali Wldas, the more westerly lying vol- 
canoes may have contributed somkhlng. 
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Table 137 


MECHANICAL ANALYSES OF SUGAR PLANTATION SOILS 


No. 

Sugar Plantation 

I 

2-1 

non. 

II 

1-0.5 

III 

0.5-0.25 

.IV 

0.25-0.1 

V 

0.1-0.05 

Ban. 

VI 

50-20 

mu 

VII 

20-5 

mu 

VIII 

5-2 

mu 

IX 

2-0.5 

mu 

X 

less than 

0.5 mu 

i-iii 

Coarse 

Sand 

V-VI 

Flne- 

eand 

VII-VIII 

silt 

n-x 

Lutum 

464ob 

Kentjong (Ked. ) 

13 

50 

23 

9 

4 

5 

4 

6 

5 

3 

68 

18 

10 

6 

1200 

Ngadlredjo (Ked.) 

3 

il 

32 

17 

9 

9 

4 

2 

2 

1 

E 

15 

6 

3 

t088 

Merltjan (Ked.) 

0 

1 

4 

5 

7 

11 

19 

11 

13 

20 

5 

£1 

22 

33 

4089 

11 n 

0 

1 

8 

8 

4 

5 

8 

19 

£1 

il 

9 

17 

27 

22 

765 

Poerwoaerl (Ked.) 

0 

0 

1 

6 

20 

43 

21 

6 

5 

2 

1 

69 

27 

5 

228 

Sedati (Soerab.) 

0 

2 

E 

22 

11 

9 


4 

4 

3 

E 

50 

10 

7 

4132 

Poppoh (Soerab.) 

0 

0 ’ 

0 

1 

2 

3 

7 

22 

31 

E 

0 

8 

2i 

22 

1132 

Krlan (Soerab.) 

0 

3 



11 

8 

7 

5 

4 

4 

28 

53 

12 

8 

1154 

II It 

0 

1 

7 

21 

22 

19 

11 

8 

7 

6 

8 

60 

19 

13 

1136 

It It 

0 

2 

5 

7 

12 

E 

23 

8 

4 

3 

7 

22 

31 

7 

1136£ 

n It 

1 

1 

2 

2 

9 

53 1 

22 

17 

6 

4 

4 

22 

22 

10 

1676 

It It 

1 

4 

15 

M 

8 

6 

7 

9 

H 

11 

20 

E 

16 

31 

1728 

*1 Tl 

1 

1 

4 

22 

11 

7 : 

7 

11 

20 

21 

6 

30 

24 

4l 

1727 

It It 

0 

0 

1 

2 

6 

10 

15 

22 

21 

25 

1 

18 

22 

46 

1187 

It II 

0 

0 i 

0 

0 

1 

9 ' 

* 1 

16 

16 

26 

E 

0 

10 

22 

22 


In the last 35 years few volcanoes 
have received so much attention from 13- 
searchers^®^ and writers as has the Kloet, 
most probably because of the eruptions of 
1901 and of 1919. In the field of soil 
science we find all sorts of informflCtion, 
for example, from the point of view of the 
cultivation of sugar cane, and the encour- 
agement of native agriculture by the Agri- 
cultural Extension Service. But it is very 
difficult to integrate these data system- 
atically, for one agency has studied and 
analyzed its soil samples from one point 
of view, while another has analyzed other 
sets of samples to evaluate entirely dif- 
ferent characteristics. Consequently it is 
useless to try to correlate the reported 
soil characteristics. 

This much, however, is clear: 
on the Kloet slopes and its broad foot, 
and also everywhere that lahars, floods 
and the Brantas have carried the ejecta, 
colluvia and alluvia of various sorts lie 
in apparent confusion intermixed with each 
other in all sorts of combinations. Here 
and there, quite close to the cone of the 
Kloet lie alluvial accumulations of silt 


on and between sand and gravel masses, 
through which they seriously hinder the 
water movement in the soil directly upon 
these masses.^®® On the other hand quite 
close to the sea, near Porrong, in the 
center of heavy loams, lie sand and gravel 
masses which are fresh Kloet material. A 
few mechanical analyses were taken from a 
survey of a great number of such analyses 
of sugar factories in the drainage basin 
of the Brantas, in a region lying between 
the Kloet and the far side of the Sidoardjo 
delta. These data have been collected in 
Table 137 above. 

A number of Kloet soils, from Upper 
Kedirl to close to Sidoardjo, is followed 
by a series from a sugar plantation in Krlan. 
These constitute a series with a wide range 
of textures from light, very sandy soils to 
heavy loams or clay. Most of the soils are 
largely composed of three fractions (note 
the underlined numerals), A couple. Nos. 
1676 and 1728 , appear to show a frequency 
curve with two peaks. This can come about 
through a mixing of two deposits, for ex- 
ample, as a result of plowing, but also 
through weathering, during which the 


183. We can here only refer to the geological and vulcanologlcal literature of Verheek and Fennema; Cool, 
Houwlnk, Kenmerllng, Stehn, Taveme, and Tromp, among others, and especially to the publications of 
the vulcanologlcal Service, Many of these publications are Illustrated by most excellent photo- 
graphs. 

186. I have dealt with water difficulties In the Kloet soils In the meeting of the Kedirl Agricultural 
Association (22 Nov. 1914). See Pub. Ned.-Ind. Landb, Synd. 7, (1915) ^ PP* 5^-62, 

187. 0. Arrhenius, Phys. elgensch. sulkerrletgr. Meded. Proefst. J. 8. Ind., No. 2 (1-928). Arch. (1928), 
PP. 195-307. 
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sand decreases and the finest fractions 
Increase.^®® 

Samples Nos. 1200, 228 and 1152 
are typical colluvial river deposits^®®; 
the curves are clearly assymetrlcal. Num- 
bers 1156 and 1156c might be sediments, or 
ash deposited from the air but more prob- 
ably they are only alluvial deposits. 

In view of the discussion on page 
636 ff. the many hundreds of determinations 
of phosphorus, soluble In HCl and In citric 
acid, which have been carried out In the 
last 40 years and more, can here remain 
outside of consideration. It may be noted 
that the larger and largest amounts of P 
are In the coarse, sandy sediments but 
even so such soils frequently respond to 
fertilization with phosphorus. 

The younger, volcanic products of 
the Lawoe and the Wills are the same pyrox- 
ene andesites as were ejected by the Kloet. 
Those two volcanoes, however, have been 
extinct a very long time, so that the sur- 
face of the slopes covering these volcanoes 
has undergone an Intensive weathering and 
the soils have reached the stages of brown 
and brownish red lixivium. Especially on 
the lower foot slopes of the volcanoes this 
soil should be thoroughly senile, except 
that occasionally there Is a fall of ash 
from the neighboring Kloet and Merapl which 
refreshes and modestly rejuvenates the 
soil. Also the Irrigation water, obtained 
from the rivers flowing off from these 
volcanoes and thus coming from higher, 
still less senile regions, brings with It i 
Increasing fertility for the lower regions 
which have already largely been converted 
Into paddles. The plain of the Madloen 
as well as the plain of the Kedlrl are Ir- 
rigated as thoroughly as possible by mod- 
ern systems but there Is a great differ- 
ence between these plains. That of Madloen 
Is for the greater part the above already- 
discussed tuff black earth, while that of 
Kedlrl for the greater part, especially on 
the right bank of the Brantas, consists of 
fresh deposits of Kloet material. 
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Consequently the best Irrigated portions of 
Madloen seldom produce^®® more than 22 
quintals paddy per hectare while the lowest 
yielding paddles on the Brantas deposits 
seldom give less than 26 qu./ha. The aver- 
age difference Is a good 9 qu./ha. It Is 
very much a question whether this Is due 
entirely to a difference In content of 
plant food materials. That the Madloen 
plain Is such a heavy stiff clay and the 
Kedlrl soil is such a light sandy loam, 

.Is enough to make a difference In water 
circulation. This Is a reason for crop 
diseases such as mentek, occurring earlier 
In Madloen than In Kedlrl. 

That the plain of Kedlrl Is not 
universally such a mixture of all possible 
kinds of soils but In one portion Is pre- 
dominantly sandy and light, and so too 
dry, and In another part predominantly 
loamy and clayey, and often too marshy, 
was shown by Paerels^®^ In a striking way 
by Indicating on a map of Kedlrl the- dis- 
tribution of certain crops of the native 
agriculture. It was evident, for example, 
that In the north-western part of Ngandjoek, 
which had received but little fresh Kloet 
material on heavy senile, dark brownish 
black swamp clay soil, soy beans were the 
principal crop In the east monsoon, while 
peanuts were practically not cultivated at 
all. On the opposite side against the 
Kloet many peanuts were grown, but never 
soy beans. In this way It Is often pos- 
sible to read off from such statistical 
crop maps where coarse grained soils lie, 
where fine textured ones are to be found, 
and how the conditions are for the supply 
of water to the plant. 

****** 


The reader has doubtless already 
noted that only very general statements 
have been made In the preceding pages re- 
garding the volcanic central strip, which 


IS. cf. pp. 179-186. 

189 . Ibid. 

190 . Detailed figures are, among others, to be found In the repeatedly referred to Landbouwatlaa met 
beechr. (1926). 

191 . See: Verelagen van den Landbouwoorllchtlngedlenst, and of the Afd. Landbouw. 

192. B. H. Paerela, Toep.. Induct, math, hlj agrol. onderz., Verzam. Verhand. Bodemoongres, No. VII (1916), 

pp. 65-80. 
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is the most important agricultural part of 
Eastern Central Java. As long as a more 
detailed soil map has not been made, much 
less published, it would most certainly be 
premature to go into detail. Numerous have 
'been the researches relating to the fer- 
tility, the productive possibility of 
paddy cultivation (field experiments of the 
Agricultural Extension Service), and to the 
cultivation of sugar cane (field experi- 
ments and soil research by the experiment 
stations of Pasoeroean and Jogja) . How- 
ever the results will only be of the most 
value when suitable soil maps are avail- 
able. Today that is still not the case. 

Once again with reference to the 
productivity of rice , it may be stated that 
the yields in the lower, flatter portions 
of the region here being discussed in the 
east are roughly about double those in. the 
west.^^^ In Soerakarta the production per 
successful hectare , east of the Solo river, 
is approximately 1? quintals. In Madloen 
20 qu./ha., in Kedlri from 25 to 30 qu./ha. 
averaging about 28, in Djombang 29*5 Qu./ 
ha. and in Sidoardjo 30 qu./ha. with* maxi- 
ma of 33 qu./ha. for Krian and 38 qu./ha. 
for Modjoagoeng. Whoever is interested in 
any particular locality, may investigate 
what factors may be Important. It might be 
water supply by the soil to the roots, 
abundance or scarcity of plant food mate- 
rials in the soil (phosphorus, especially 
plays an important role) or some other 
factor. Higher up on the slopes of Lawoe, 
the Wilis or the Andjasmoro, growing con- 
ditions are not so favorable since the soil 
is more senile and poorer, or dries out 
earlier because of the steeper slope of the 
land. Consequently above the district 
Madloen with its yield of 20.5 qu./ha. 
there- lies the district Goranggareng with 
l8 qu./ha., and above that Magetan with l4 
qu./ha. where the paddies lie on very stony 
lahars of the Lawoe (see Fig. 7, page 123), 
which naturally depresses the production 
per unit of surface area. Above the Kedlri 
district yielding 30 qu./ha. lies Modjoroto 
with 26 qu./ha., and above that, on older 


brownish red Wills soil is Berbek with 21 
qu./ha. From Modjokerto which yields 29 
qu./ha. one passes through Modjosari with 
24 qu./ha. toward Djaboeng yielding 23 qu. 
ha. Each of these areas is successively 
higher and farther from the Brantas plain. 
Pandakan, lying between the Penanggoenan and 
the Welirang averages only 19 qu./ha.; the 
soil here is quite a bit older and lies 
relatively higher and dry. 

With respect to other crops raised 
in these regions, such as maize, cassava 
( Manihot utilissima ), sweet potatoes, soy 
beans, tobacco, etc., the available data in 
the literature^ are not of such a nature 
that it is possible to deduce generally 
applicable conclusions relating to the 30il3 
on which the crops were grown. 


* * * * * 


To the north and to the south from 
the central volcanic strip which extends 
across Eastern Central Java lie the Tert 
ary Mountains with the soils associated 
with these formations . First we will con- 
sider the Southern Mountains, from Jogja 
to about to the Smeroe. Next we will con- 
sider the Northern Marl Ridge, from Sema- 
rang to Soerabaja, and then the so-called 
calcareous ridge to the north of that, and 
finally the Moerla Mountains with their 
surroundings . 

The Southern Mountains consists of 
a few quite strongly differentiated parts. 
The most westerly part, belonging mostly to 
Jogja, shows in its southerly half, named 
Goenoeng Sewoe, a typical karst landscape 
(see Fig. 232, page 651), described in de- 
tail by Van Valkenburg and White. We ^ 
will content ourselves however with a few 
remarks relating to the soil. 

On the limestone, soil can form 
only from the impurities of the limestone 
Itself, as well as from what in the course 
of time falls upon it as dust from the air. 
Since the limestone, like the residues which 


193. According to the figures of the freq,uently referred to Landbouwatlas and Text, Meded. Centr. Kant. 
Statlatlek, No. 33 (1926). 

194. For example, in the Verslagen van don Landhouwvoorllchtlngsdlenflt and the Afd. Landbouw. An excep- 
tion la the already above-cited paper by B. H. Paerels. 

195. S. Van Valkenberg and J. Th. White, Enkele aanteekon. omtr. hot Zuldergeb. (G. Kldoel), Jaarvoral- 
Top. D. in Ned. -Indie (1923), PP- 127-140 (1924). 
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Photo by Soil Congress 1916 

Fig. A sink holO' in the limestone region, cf. G. Sevoe, Jog- 
jakarta. In the fore.grouiih are limestone remains of the edge, in 
the center is the lake now dry, with a rod lixivium soil, which is 
planted to maize. Forests on the limestone hove been cut off, the 
soil is washing into the sink hole. 


remain over from it after weathering, is 
quite pervious --otherwise there tould not 
have developed on this great calcareous 
reef the numberless doline.s (weathering 
funnels, or sink holes), --the intermit- 
tent, leaching type of weathering has re- 
sulted in the formation of a brownish 
red lixivium, which is called limestone 
red earth , in many respects agreeing with 
"terra rossa" of other parts of the world. 
Except the dust particles (volcanic ash, 
etc.) which have fallen onto it during the 
land stage, the above mentioned impurities 
In the limestone have in the course of 
their deposition been in contact with the 
sea. Consequently the very first weather- 
ing commmencGs in each case in a pH of 
about 8.4, i. e., in an alkaline medium. 
According to what was said on page 528 ff., 
such a reaction favors the formation of 


montmorillonite, which not only brings 
with it stickiness but also plasticity. 

This terra rossa or limestone red earth is 
then also obviously heavier and more plastic 
and has a much lower sticky point than 
brown earth and brownish red lixivia from 
eruptive or sedimentary material, which 
had never been in contact with the sea, 
and in which the j.')H can just barely rise 
above '{ , and then, only for a very short 
time. 


A century ago the simiraits of the 
roenoeng Sewoe were mostly covered with 
’orest.^^® Now this forest, in part teak, 
las disappeared and certainly for good, 
)ecau 3 e all the soil from the ridges and 
jummlts has been eroded leaving bare rock. 
Phe soil has been washed into the slnk- 
loles and in part has been carried down 
through the drainage tunnels into the 


196. According to the description by Ju,v?huhn, Ja^a I, 2e dr. (I 85 I), pp. }l*2-}45. Hovever the lower 
vallaya wore even then for the greater part doforoated and covered with oogon and Saocharum 
apontanaeum , In which were acattered many Alblztla atlpulata treea . 

197 . Unloea man Intentionally and syatematlcally reforeata the land. 


6^2 


THE SOILS OF EQUATORIAL REGIONS 



Photo by L. P. de Bussy 

Fig. 255. Wonoglrl, Soorakarta. Deforested mountains of old vol- 
canic rocks, from which the soil has been eroded off Into the low 
plain, whore the villages of the natives are located. 


subterranlan rivers, and so has vanished 
toward the sea. Where the outlet of the 
sink-hole has been stopped up, a pond has 
formed with the following effects upon the 
soil: under subaqueous conditions the pH 
falls, iron migrates, formation of concre- 
tions results, and the color of the sub- 
soil becomes more or less flecked and 
flamed with red. Ultimately at some other 
point the water in the pond finds a new 
course through the limestone, the pond be- 
comes dry (see Fig. 232, page 651), and 
through reoxldation and being all mixed up 
and ultimately completely Inverted as a 
result of deep cracking, the soil becomes 
entirely red. The iron concretions ‘remain 
unaltered. 

More to the north the limestone, 
because of increasing clay content, grades 
into a marl. The soil is no longer red 
earth, but a gray to black marl soil. On 
the already above-mentioned (pages 639”642) 
pale, fine tuff lies tuff gray earth, 
but on the andesitic and basalt^ic 


conglomerates and tuffs red lixivium has 
developed. Since from the soil science 
standpoint this entire region has already 
been studied by the Institute of Soil Sci- 
ence at Buitenzorg in far more detail than 
we can within the scope of this book, if 
the reader wishes to learn more of this 
region he is referred to the results of 
those studies which, in the course of time, 
it is hoped will be published. 


■X # # * # 


South of the Lawoe the karst region 
becomes smaller, and beyond Patjitan, near 
Panggoel, disappears entirely. To the 
north of this point, thus south of the 
Lawoe, and on further east, to south of 
the Wilis, approximately from Wonoglrl to 
beyond Trenggalek is an extensive mountain - 
ous land of volcanic origin (classified by 
Verbeek as It is very .rough country. 


198. This may be obeervod along the road between Tamanearl (Madloon) and Trenggalek (Kedlrl). Compare 
Fig. 255, p. 65U. 
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Photo b/ E. C. J. Morir 

Fig. 25^, Near Samplt, Madloen. Completely deforested andesite 
mountain. As a result oi erosion of the soil bare rooks tirp appear- 
ing at the surface. Soil of the slope is a p^ayish brovj^ lixlvliira, 
in the plain a very dry black earth. On the elopros terraces have 
been made to tipy and hold the soil for the cultivation of maize ^ 
which does not do very well. 


The forest which once without doubt covered 
this entire region has been deplorably 
ruined, and as a result of kalhglning the 
senile brownish red soil has declined 
seriously In production. Erosion has 
done the rest. Many mountains and ridges 
show a picture similar to those In Figs. 
233-233* In so far as It Is held hack at 
all, all the good soli that Is left lies 
on the valley floors. Most times however, 
these are alarmingly small or are lacking 
entirely. Only In a few places can be 
found a small or larger valley plain and 
in these are also the principal settle- 
ments of the inhabitants (see Pig. 233, 
page 632 ). 

With respect to the deforested 
mountain slopes the reader may ask whether 
these vegotatlon-less and soll-less stony 
lands will really ever again be covered by 
aoll. The answer must be something as 
follows: These slopes, by themselves, do 
not have any soil, there Is nothing In 
which to plant anything, and the soli 


which through disintegration and weathering 
continually forms from tlie rock cannot 
accumulate, for it Is Immediately washed 
off. The only possibility thus seems to 
be p 1 an 11 ng p e rmano n t trees , thus reforesta- 
tion, to be begun in or just above the 
plain. As along the upper edge of the 
forested strip more and more eroded soli 
accumulates and Is held securely, then 
there should be more plant Iri^g, gradually 
worklrb' up t!ie slope, until after a long 
time the top is roacbed. But that will 
require a very lorp^ time! Consequently 
the Government must take a long view of 
the matter and adhere to a consistent policy 
throughout many years. If by such measures- 
there could only be achieved a much more 
regular runoff of trio rivers, which come 
out of such mountains this would curb the 
flood damage and so increase tiie yield of 
paddy. Then there would be an:ple justifi- 
cation for a long continued program of re- 
forestation. 'Hiat rational forest manage- 
ment would also accomplish in providing 
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Photo hy E. C. J. Mohr 

Fig. 255. Koekoesai^ Mt. , west from Trenggalek, Kedlrl. A beautiful 
coluimiar laccolith of hornblende andesite, formed by the weathering 
away of the softer layers. In the foreground black earth with maize 
stubble and red pepper plants. 


abundant supplies of timber and fuel would 
be a second and continuously Invaluable 
advantage. 


In the course of time the Benlng 
and T jampoerdarat swamp lying to the 
south of Toeloengagoeng will certainly 
be drained and cultivated. To the east 
of this swamp the geological map of Ver- 
beek and Fennema indicates an extensive 
limestone mountain (n^) which extends on 
to the south of the Smeroe. This also 
is a very broad statement, for subse- 
quently at a number of points, where non- 
calcareous windows show through the lime- 
stone cover, there has been found volcanic 
conglomerate upon which has developed a red 
lixivium. Also only In a few places have 
sink holes formed and there are only a few 
Instances of the disappearance of rivers. 
Possibly after the revision of the 


geological map this region will be shown 
to be of a very different nature from that 
stated above. In the course of a number of 
trips southwards from Malang, personally I 
obtained the Impression that the limestone, 
which Indeed does play an Important role In 
this region. Is often strongly tuffaceous, 
full of fine volcanic sand. The soil origi- 
nating from It and developed under forest 
is of a peculiar roe or leather-brown 
color, and heavier than that from volcanic 
parent material without calcium carbonate. 

In profiles which extend downward to the 
yellowish white or sometimes salmon-colored, 
flecked limestone little differentiation 
Into horizons Is to be seen. At most the 
surface soli Is darker because of humus. 

But in the coffee gardens of the Malang' 
.region, much, very much of this humus layer 
has been lost. Twenty-five years ago a 
coffee planter^ gave the following graphic 
description of this soli: "....a color his- 
tory. From the hilltops of the estate which 
I am at present managing there Is an exten- 
sive and beautiful view over the plantations 


199. G. J. Zuyderhoff, Over het Behoud van de Bouwkruin, Publ, Ned.-Ind. Lb. Syndt., IV ( 1912 ), p. 625. 
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of the Southern Mountains . --If one had 
stood on one of these summits 18 to 20 
years before (1892-1894) he then would 
have seen round about him the fresh green 
of the young coffee plantations alternating 
with the black spots of the new clearings. 
.... But if we now (1912) stand on one of 
these same vantage points, conspicuous gaps 
will be noted in the green just where the 
earlier black spots were, marking newly 
made clearings. At the present time these 
gaps show all shades of yellow, brown and 
oven white and gray, in the immediate 
vicinity of red, from scarlet to poppy red. 
If this change of color had not occurred, 
how very different would now be the value 
of many plantations. Vfhat a calamity is 
here re corded I" 

These words of a clear-sighted 
planter are unfortunately also applicable 
to all too many other regions of the Neth- 
erlands Indies. Fortunately, however, to 
this it can be replied that in a continu- 
ally increasing degree during the last 
twenty-five years, progress has been made 
toward healing and prevention of such 
fatal destruction of soil capital. Ter- 
rasslng, green manures, and cover crops 
are now being used. 

Meanwhile it was a great blessing 
for the Southern Mountains of Malang that 
many coffee gardens which had become un- 
productive could be replaced by Hevea. 

And we should not leave unment toned that 
In this region under the Government’s con- 
trol is the Blltar reservation, a 39;000 
hectare "natural timber forest." It is 
true that but l8,000 h. is real natural 
forest, for the rest is still not complete- 
ly forested, or has been deforested. How- 
ever, through planting and rejuvenation 
the stand is being brought into better con- 
dition. 


# # * # # 


Northerly from the volcanic part 
of Eastern Central Java lies the largest 
oontinuous body of Tertiary formations , 
•narls and limestones. It is roughly en- 


enclosed by the lines connecting Semarang, 
Toentang, Djombang, and Soerabaja. Within 
this reglai lie the four mountains of 
eruptive rocks, namely, the Moeriah, the 
Goenoeng Lasem and the Boetak, as well as 
the Pandan, which will afterwards be dealt 
with separately. 

Two principal ridges run through 
this region. The southern one usually for 
short called the marl ridge , and the nor- 
thern or limestone ridge . The latter con- 
sists principally of limestone, but there 
are also marls and even claystones and 
sandstones in it. Moreover, what is of 
still more significance is that the lime- 
stones contain quantities of coarse and 
fine quartz sands which have come from 
somewhere to the north, mixed with 
tourmaline, zircon, and sometimes andalu- 
site — a sand such as the reader may recall 
is found in great quantities in Bangka and 
Billiton. Under a leaching type of weath- 
ering the calcium carbonate disappears from 
such limestone and leaves behind mostly 
quartz sand. 

It was in the Neogene age that 
rivers brought down from the north the 
quartz sand which as shore formations or in 
the shallow sea, was deposited with the cal 
careous remains of marine organisms to form 
sandy limestone . The finer material, which 
in Itself would be called loam and clay, 
was carried further southwards into the sea 
and there sank with shells of lime-collect- 
ing organisms, especially Forarainlfera, to 
build up thick sediments which later hard- 
ened to marls , and which at present are 
found as the marl ridge to the south of the 
limestone ridge. This marl ridge is not 
purely of one sort of rock--nature never 
follows entirely one or another distinct 
line. Consequently in this marl ridge 
there are limestones, and extremely fine 
loam slates and claystones. Whenever, 
however, coarser, easily determinable 
mineral sand occurs in this formation it 
is predominantly effusive: plagloclase, 
hornblende and on the southern side augite, 
hypersthene and magnetite — thus of ande- 
sitic origin. This sand could have been 
brought in by water--by the rivers and sea 
currents, from the more southerly lying 


200. See; E. C. J. Mohr, Ergehn. mech. Anal. trop. Bdden., Bull. Dept. Agrlc. Ind. Neerl., No. XLVII 
(Bultenzorg; 1911), pp. 48-51 and: L. Rutten, Hcrkamst mater, neog. geat. Java, Versl. Kon. Akad. 
Wet. Amst. miV, 2 (1925)*, pp. 685-7O8. Cf. also what vaa said about this above on p. 595' 
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Photo by tho Forest Experiment Station 

Fig. 236. Goendlh, Semarang. A miserable stand of cassava 
( Manihot utillisaima ) ^ in a marl soil robbed first by surface ero- 
sion, granulated now through drying and shrinking. Beginning of 
gully erosion. 


volcanoes, but also it could have come 
from the air, as ash. If, as is often the 
case, these minerals are found in or be- 
tween the rocks of the marl ridge, then 
they must have come from eruptions synchro- 
nous with the deposition of the marine 
strata in the Tertiary. If they are found 
especially In the soil above, lying over 
the rocks, then the probability is great 
that they have originated from more recent 
eruptions. More detailed, local investiga- 
tions, will perhaps ultimately supply data 
relating to the above stated (page 6^3-645) 
hypothesis. This hypothesis is that In 
the prehistory of the Lawoe there had been 
great eruptions of relatively acid, iron- 
poor magma, such that the accompanying 
ash, as well as the glass, was made up pre- 
dominantly of plagloclase, and some horn- 
blende. It practically never contained 
augite nor hypersthene ; 

It is clear that the weathering of 
the marl ridge rocks could not have given 
rise to sandy soils. The lightest could be 
only a loam, with most of the textures a 
heavy loam or clay loam. For the formation 


of red earth or a bright brown lixivium the 
Iron content Is also too small. Moreover 
the permeability of the residue which re- 
mains behind after the leaching out of the 
calcium carbonate must always, even from 
the beginning, have been too low. The cli- 
mate over the whole region Is quite unlforiu 
and really quite dry (see the map. Pig. b). 
In the west It Is at most somewhat more 
moist; In the east it can be called some- 
what drier. Consequently it Is understand- 
able that on the marls, as a rule, a gray 
to black soil forms with an undesirable 
yellow marl subsoil which Is heavy, and 
poor In air. The iron present Is Inclined 
toward tho formation of concretions, be- 
coming hall ore. Where the soil Is able 
to accumulate to a considerable depth at a 
slight depth, from l/4 to slightly more 
than one meter, the CaCOa collects Into 
lime concretions. This fits In with the 
description on pages I77-I78. 

On the limestone ridge, on the 
contrary, sandy soils can Indeed develop 
here and there. Quartz sand however was 
not the only substance which "contaminated 
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Photo hy J. Klay 

Fig. 237* Wllaloeng dlvorslon works, Demak, Semaran^. Down stream 
from the flood diversion works the dike has slumped out, showing 
those allochthonous marl soils to he very soft and' very plastic. 

The portion of the dike which flowed Into the river has been washed 
away . 


t.lie lime deposits. As a result thtisre has 
come Into existence a loamy sand or sandy 
lo.arn, or clayey sand, or sandy clay or 
sandy red lixivium, depend! np, upon the 
source and nature of the accessory sub- 
stances, or whether earlier or later more 
or less volcanic ash was spread over the 
ridge. In general the color of the soil 
on this ridge Is on the red side, many 
times a pale red. If sufficient humus Is 
present the surface soli is then reddish 
pray. 

Although the ridges are hut a 
couple of hundred meters high and in spite 
Of the fact that l-he greater part of tlie 
surface Is occupied by forest, the erosion 
In these stretches is extremely rapid. But 
^hls forest is teak forest, which stands 
leafless during the dry season of several 
t^entlis, so that the soil can dry out to a 
considerable extent. Then the monsoon 
VI nd whisks some of the soil away from the 
higher slopes and carries it off, deposlt- 
it in the valleys and plains . And 
the rains do break, they fall not only 


on the loose sandy soils and wash them off, 
but the heavy marl clay soils also erode. 

In the dry season not only does the heavy, 
black to yellowish gray clay crack and 
slake down (see Fig. 236, page 61)6) to an 
extremely fine powder, a dust, which the 
wind can carry about, but in the rainy 
season this marine clay swells up to a 
plastic, movable mass with a marked tend- 
ency to slump down (see pages 131 and 139 
and Fig. 10, page 133). Hence, the steep 
slopes settle down as a whole, and only very 
gently sloping land can remain in position 
(see Pig. 237 above). If the mass, which 
slides down is saturated with bases, 
especially with lime, and thus consists of 
flocculated clay, and if It does not happen 
to land in a plain where It can remain 
stable but lands directly into the plver, 
then the soil mass disintegrates easily and 
very rapidly to a porridge which the flow- 
ing water carries off with it (see Fig. 

22b, page 631). This is the cause of the 
pale gray tint of the rivers coming out 
of such regions, when the water Is 
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transporting such enormous quantities of 
material as suspended silt. Regarding 
this Den Berger and Weber^°^ give striking 
figures. The Loesl, for example, during 
the vest monsoon has an average silt con- 
tent of 2,135 grams per cubic meter (g./m.^). 
In the east monsoon this figure is '(iS g./ 
m.^. These quantities are enormous when 
compared with the quantities carried by 
the Tjllivong, above Buitenzorg, where the 
upper drainage basin is free from marls and 
is entirely of volcanic nature. During the 
west monsoon, in spite of the heavy rain- 
fall, only 101 g./m.^ is carried, during 
the east monsoon 30 g./m.^, and for the 
year 60 l.e. but l/20th to l/23th 

of the amount of silt carried by the Loesl. 
For the Tjllowoeng the maximum measured 
in a spate was 1,638 g./m.^, while for the 
Loesl It was l4,5l8 g./m.^ and for the 
Tjojo, a tributary of the Loesl, it was 
about 44,000 g./m.^.^°^ 

On the limestone ridge the red to 
reddish soil, with more or less quartz sand, 
offers more resistance against landslides; 
slopes and river banks remain standing much 
steeper. But heavy showers wash the finer 
clay down through the sand into the deeper 
soil and in another way this Is also an un- 
welcome process, for there comes about a 
marked division into different horizons, of 
which the uppermost is richer in sand and is 
very pervious, while the horizon just below 
is richer in clay and is more difficultly 
pervious. But fortunately for Java, in 
this Island I have never seen this phenome- 
non so strongly developed as with the soil 
types of the Lafayette series in the South- 
eastern United States: In that region there 
was a horizon of from l/3 to 2/3 m. of al- 
most pure, washed-out pale reddish sand on 
a subsoil of strong red, orange to yellow- 
ish flamed lixivium. To be able to plant 
a crop on land of that kind, one must 
first for the greater part dig out and 
carry away the sandy horizon. The results 
were less good, but it was also indeed 
practicable to mix up the soil homogeneous- 
ly to a depth of a meter, or to bury the 


surface l/3 m. with the deeper lying 2/3 ra. 
from below. But for the purpose of estab- 
lishing teak culture such an extensive 
working of the soil on the limestone ridge 
of East Central Java can never be profit- 
ably carried out. Not even if maize or 
rice were planted in place of teak, because 
through intermittent leaching this lime- 
stone red earth or terra rossa had been im- 
poverished and decalcified until it is no 
longer fertile enough to make this worth 
while . 

N. Beumee-Nleuwland^°^ was the first 
to notice the fact that in the teak forests 
a very pervious horizon is underlain di- 
rectly by a poorly pervious one. This con- 
dition is as a rule connected with a lower 
fertility. The author pointed out the un- 
favorable water conditions which thus must 
exist in the soil, and how the second hori- 
zon must certainly suffer from a deficiency 
of air. The author might well have added 
how this evil is to be combatted. On such 
soil types as these, which have a tendency 
toward differentiating themselves into 
horizons in this manner, I should always 
avoid the complete cutting off of the 
natural forest cover, for it is clear that 
the washing down of the clay deeper into 
the profile during heavy rains must occur 
especially when the surface is exposed. 


* * * * # 


In so far as the rapidly flowing 
flood water does not carry the suspended 
matter farther toward the sea, the conse- 
quence of the heavy erosion of these Terti 
ary hilly ridges one finds in smaller and 
larger plains . Especially the marl silt 
which has a grain diameter from I/2 mu. 
to not more than 30 mu, either practically 
never settles out or is a sediment which 
practically all falls approximately betwee 
the mentioned limits of grain size and 
thus can be called ”heavy loam, ” a type of 
alluvial soil which is rather frequently 


201. L. G. Den Berger and F. W. Weber, Water- en sllbonderz. rlvleren Java, Meded. Alg. Proefet. Lb. No. 

1 (1919). 

202. In this connection also compe^re the lngportant studios by L. Rutten, Over denudatlesnelheid op Java, 
Versl. K. A, v. W., Wlsen Nat. Afd. 26 , I ( 19 IT-I 8 ), pp. 921-930. 

203 . N. Beumee-Nleuwland, Onderz. v. djatlboschgronden op Java, Meded. Proefst. Boschw., No. 8 (1922), 
■pp. 27-37. 
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quintals paddy 
per hectare 


found in the plain of Demak aa a result of 
the heavy floods In the Kali Loesl and the 
Kali Serang. From the sandy limestone 
ridge however, two aorta of deposits origi- 
nate. The weathering soil on that ridge 
has been derived from an originally sandy 
sediment, a calcareous sand (Poramlnlfera 
shells, etc.), mixed with grains of quartz. 


Fertilized with tanah batan 5.23 

" nitrogen 0.69 

" " phosphorus 20.— 

" " P and N 26 .— 


feldspar, hornblende, etc. The calcareous 
sand dissolves and disappears while the 
quartz ^and remains behind unaltered. The 
other minerals gradually weather to fine 
clay, becoming a red lixivium. The quartz 
sand has a grain size from 20 mu to some- 
times aa large as 500 mu. The clay la 
principally smaller than 2 mu. Thus the 
frequency curve^°^ has two summlta, with a 
minimum of the grain size 5 to 20 mu. If 
a weathered soil of this nature washed off 
into a river, then It Is obvious that the 
sand settles out sooner than the clay, so 
that in one place a sand bank or sand ridge 
is deposited, and elsewhere a clay soli. 

In the Kening valley this phenome- 
non of differentiation Is very clear. Even 
the native farmer marks the difference and 
has given each of the soli types distinct 
names. He calls the pale sandy soil ’’tanah 
brandjangan”^®^; and the clay soil he calls 
"tanah batan" (river clay). That the tanah 
brandjangan Is very poor and thus must be 
fertilized. Is also quite obvious to the 
farmer, for sometimes he takes hundreds of 
quintals of the heavy clay (tanah batan) 
vhlch he spreads out over the pale sandy 
soil. Especially If the site from which 
the clay has been taken Is an old, aband- 
oned cemetery and as a consequence has a 
high content of P, the success of this 
treatment Is Indeed astonishing. But even 
so the effects are not by far so marked as 
with fertilizers carrying P. For example, 
Affourtlt records the followlng^^^ experl- 
!Tiont with paddy: 

quintals paddy 
per hectare 

Unfertilized 0.67 


Indeed a striking effect of fer- 
tilizing with superphosphate (87 kg. single 
super per hectare). After the P Is added, 
the shortage of N can be remedied by add- 
ing N carriers, but not before. Also with 
tobacco striking results have been ob- 
talned:^®'' 

quintals wet 
tobacco leaf 
per net ha. 


Unfertilized 16 

Fertilized with farmyard manure 36 

" " ammonium sulfate (a/S) 39 

" a/s and single super- 
phosphate 69 

" ■ " A/S; Single super- 

phosphate and potassium 
sulphate 6 V 


That such marked differences have 
been obtained with the use of the different 
fertilizer treatments indicates clearly that 
this fine sandy clay soil must be very good 
physically, but only hopelessly poor chem- 
ically, being most deficient In P, but also 
In N, and finally also In K. Moreover It 
Is still also a question whether without 
fertilizing even enough Ca and Mg are 
present, while perhaps still other constitu- 
ents are likewise on the scant side. 

A piece of good fortune may be men- 
tioned about these two ridges, the "lime 
ridge" and the "marl ridge," which for 
annual crops are of such low value. They 
appear to be very well suited for teak , 
although I must at once add that there are 
a number of places where, after cutting of 
a good, old teak forest young teak plant- 
ings do not seem to succeed at all 


20 ^. Cf.: E, C. J. Mohr, Ergebn. mechan. Anal. trop. Bdden, Bull. Dept. Agrlc. Ind. Neerl. XLVII (19II), 
pp. 68-61. 

U05. Because of the similarity of the color with that of the Javanese sky lark "brandjangan" (Mlrafra 
Javanlca ) . 

K. J. Affourtlt, In: Jaarversl. Lb. Voorl. dlenst (1915 ), P* 64 (1917)* 

207. Idea, Idem ( 1916 ),, p. 8 l (I 9 l 8 ). 
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brilliantly. The reason for this may be 
explained as follows: the old trees live 
on what they can take up from great depths 
with an extensive root system while the 
young trees must get along on what the 
surface soil can and will now supply to 
their very limited root system. During 
the long life of the old trees, say approxi- 
mately a century, this surface soil can 
have been and will probably have been con- 
siderably altered. Repeated burning of 
the fallen leaves, grazing of cattle on 
the young shoots, and Intensive erosion 
are certainly reasons enough for the sur- 
face soil of today to no longer have the 
quality of the surface soil of 100 years 
ago. And unless sweeping and extensive 
precautionary measures are taken, which 
cost money, the young plantings do not do 
so well and the former fertility is never 
regained again. And whether such measures 
can be adopted becomes a problem in arith- 
metic which goes beyond the scope of this 
book. 

Fortunately alterations in 1;he 
soil, in so far as my experience goes, have 
always been of great Interest to the offi- 
cials of the Forest Service. The results 
of this Interest have been a number of im- 
portant papers, for the greater part pub- 
lished in "Tectona, '* while others have 
appeared as special publications of the 
Forest Experiment Station. Somewhere or 
other in this book most of these papers 
have already been referred to. The rest 
of this literature, which is too extensive 
to discuss here in detail, may be referred 
to with a word of introduction. 

The influences which I have men- 
tioned as having an effect upon the surface 
soil. of the teak forest are illustrated, if 
we consider the cultivation of tobacco in 
the smaller plains and also on the low flat 
ridges during a long period of time. In 
particular in Rembang, about a hundred 
years ago, much tobacco of excellent ‘qual- 
ity was raised; tobacco is still grown 
there, but the quality has seriously de- 
clined. Humus content, water capacity, 
and content of plant nutrient substances 
must by this time have become unquestion- 
ably very much less favorable and if the 
prospects of the Rembang tobacco had not 


been already so very poor in 186?, young 
Nlenhuys would perhaps never have taken 
the big chance he did and might not have 
shifted the cultivation of tobacco to Dell 
in Sumatra. 


* * * # * 


Now something about the erupt ive 
rocks in the Tertiary region . Along the 
northern coast, east from Rembang, in a 
row from the north to the south^ ® stand 
the volcanic peaks Lasem, Poetjak and Boe- 
tak. All three of these volcanoes have 
Tertiary limestone and marl strata lying 
upon their slopes; thus these mountains 
must be older than the Tertiary. They are 
made up of hornblende andesite. The soil 
on this rock is a reddish brown lixivium, 
conceivably quite senile and not over 
moderately fertile. These little volcanoes 
have had no Influence upon the soils of the 
marine Tertiary formation. 

The Goenoeng Pandan and the Goenoeng 
Lawang, lying on the boundary of Madloen, 
Ngandjoek and Bodjonegoro also form a simi- 
lar old volcanic complex. The rock which 
they have erupted is in part also horn- 
blende andesite. It is in part, however, 
pyroxene andesite and even contains oli- 
vine, and thus is presumably more basic 
(analyses are lacking). Although fragments 
of these rocks have been found enclosed in 
the marl matrix rocks, there has not really 
been any modification of the composition of 
the marls. These volcanoes have perhaps at 
times erupted ash, but that must have been 
before the marls and the limestone had been 
formed. Thus from a soil science stand- 
point these volcanoes remain unimportant 
windows in the Neogene covering. 

But we cannot say this of the last 
volcano to be mentioned, which is the Goc- 
noeng Moeriah . While none of the "babies" 
•above-mentioned are higher than 1,000 m. 
above sea level, the Moeriah reaches up to 
about 1,600 m. and if its peak had not 
caved in, it would certainly have extended 
up to 3,000 

The mountain is quite old, no 
longer showing any volcanic activity. 


208. Cf. Verbeek and Fennema, 1. c ., pp. 218-221. 

209. See: Verbeek and Fennema, 1. c ., pp. 255-261. 
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Since on the surface It has been built up 
especially out of loose ejecta It la quite 
deeply weathered to red lixivium. Below 
that, several meters deep, under the lixi- 
vium are to be found horizons which must 
be considered eluvial as to the bases Ca, 

Na, and in part also K and Mg, that Is to 
say these bases have been for the greater 
part washed out of those horizons. But as 
to Si, the quantity leaching out downwards 
is still less than the amount of 31 coming 
In and being deposited from horizons lying 
higher In the profile. Thus with refer- 
ence to 31 these deeper horizons are il- 
luvial. The material of these layers has 
a strong base-binding power and results 
in the formation of trass , Moerlah 
trass. In all older volcanic deposits such 
a trass horizon is to be found. Above it 
lie layers from which not alone the bases 
but also the colloidal 31 have been leached 
out. While deeper down are the layers from 
which the bases have not yet been complete- 
ly leached out and into which the colloidal 
Si has as yet been only partially deposited. 

The Moerlah is further differenti- 
ated from all the volcanoes which we have 
thus far considered in Java, because of the 
occurrence of the mineral leucite as a con- 
stituent of its rocks. In Table 24, p. 38 , 
are recorded a number of analyses in which 
the relatively high K content of the magma 
of this volcano is evident. At the same 
time it is of importance that the large, 
peculiar green pyroxenes (aegirlen augltes) 
and also the amphlbole crystals and even 
the flakes of mica visible under the mi- 
croscope all show larger or smaller in- 
clusions of apatite, This explains the 
relatively high P content of the Moerlah 
rocks, rising to above 1 %, The K content 
I3 from 4. 5 - 6 . 5^; Ca, Mg, and Fe in the 
ferrous form are present in adequate quan- 
tity to give rise to. a soil which will be 
generally fertile as long as It is not 
aenlle. But most of the soils are senile 
since, as already mentioned, the volcano 
is now quite old. It has thus been through 
the stage of being completely covered by 
heavy tropical high forest, notwithstand- 
ing that there Is a marked difference in 
the rainfall between the east side and the 
vest aide. In Japara in the east monsoon 


a strong dry season on the lee side, of the 
mountain prevails, while on the windward 
side to the southeast of the peak, it is 
always raining. 

Under the tropical high forest 
the erosion of the soil was limited. But 
as the deforestation advanced further and 
further, the erosion of the humous surface 
soil naturally became more and more serious. 
At present the only forest still remaining 
is on and around the highest parts. And 
in so far as the land is not being perma- 
nently cultivated there are considerable 
areas of cogonal and parang (a cogonal in 
which stand some low scattering fire- 
resistant trees). And here we see the 
crops which are indicated by nature (see 
Fig. 238 ). Where there is much, irrigation 
water and the supply is certain, paddy and 
sugar cane are grown. In the west (with 
a severe east monsoon) where there is no 
irrigation kapok grows, while in the east 
(with more uniformly distributed rainfall 
throughout the year) all sorts of fruit 
trees; Tajoe Is certainly a fruit growing 
region. In the north and northwest, where 
the dry east monsoon is not a hindrance, 
rubber is cultivated. But important an- 
nual crops, are never grown. The rule 
also applies here that on more or less 
senile red soils tree cultures are especi- 
ally suitable: kapok, rubber, and fruit are 
all tree crops. 




Finally now we must turn our atten- 
tion to the large rivers of the northern 
half of Eastern Central Java. 

Solo river , coming out of the 
mountains south from the Lawoe, begins its 
course carrying a load of silt of volcanic 
nature and much, very fine, white tuff ma- 
terial, especially glassy dust and feldspar 
dust. Flowing through the plain of Soera- 
karta, it receives frcm the left much Merapl 
ash, etc.; while from the right, from the 
Lawoe, it receives less. North from Solo 
more and more silt from the marl ridge 
comes In from the left (see Fig. 239 ^ page 
662 ). First mixed with detritus from pale 


210. Cf.: E. C. J. Mohr, Over het voorkomen van tras 
( 1920 ), also In: De Ind. Merc. (lO Deo. 1920). 


In Ned. -Indie, Ber. Afd. Hand. Mue.Kol. Inst. ^ 
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Photo by E. C. J. Mohr 


Fig. 239* Region of marls rich In tul'f, northwest of Kalloso, Soo- 
rakarta. In the foreground on the sunmilt a crown of Foramlnlferal 
limestone. 
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Photo hy K . C . J . Mohr 


Fig. 2k2. In the north of the plain of Domak, Semarang. Cotton 
plants about l/j m. high. Harvesting In progrees. Soil an alloch- 
thonous mrl material of the K. Serang river, plus some red lixi- 
vium coming from the Moerlah. 


tuffs, thereafter with more and more cal- 
careous sand and silt, as well as clay. 

Just beyond Ngawl still more marl silt 
comes in and the Madioen river also brings 
in with it quite a good deal of clay and a 
little fresh volcanic silt. Taking It all 
together, when the river, after breaking 
through the marl ridge, begins to build up 
the plain It Is transporting four principal 
sorts of sediment, (l) Sand, volcanic, 
basic calcareous feldspar, auglte, hypers- 
thene, and hematite; principally from the 
Merapl, but also from the Merbaboe and the 
Lawoe, even from the Wills. (2) Calcareous 
sand, eroded out Poramlnlfera from the marl 
ridge, b) Dust, volcanic, glass-rich 
silt, from the mountains south from the 
Lawoe, plus that from the region north 
and northeast of the Merbaboe, as well as 
that brought along by the Madioen river. 

(4) Clay, coming along with (5). In addi- 
tion some (4) eroded off from the black 
earth, most of which comes from the marls. 
And along with that there Is much fine cal- 
careous silt, also from the marl region. 

The deposits are thus of two sorts: 


Sandy colluvium, juvenile, very fertile 
and certainly not heavy textured; and al- 
luvium, heavy clay or loam, much loss ju- 
venile. Unfortunately much of the heavier 
valuable sand Is by degrees moved along the 
bed of the river on Into the sea. When 
during spates the land Is flooded. It re- 
ceives a covering of heavy clay containing 
relatively little sand. As a consequence 
the fertility of the "Solo valley" Is but 
moderate, and Is not to be compared with 
that of the Brantas delta . The latter, 
where the favorable physical characteris- 
tics of the juvenile Brantas deposits are 
more clearly demonstrated by the working,; 
of the soil which can be afforded by anil Is 
necessary for sugar cultivation on It (sec 
Figs. 240, 241, page 663 ), has a large 
number of sugar factories. In the Solo 
valley, on the contrary, there Is not a 
single sugar mill. The rice yield In the 
Solo valley, calculated as the average ol 
16 districts along the river, from Randoe- 
blatoeng to Sldajoe, amounts to about H-'' 
quintals per hectare. The three most 
easterly districts of Karangblnangoen, 


211. According to the figures from III In the repeatedly cited Landbouwatlas, Centr. Kant. Statist 
Medod. No. 53 (1926). 
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Bengawandjero and Sldajoe still profit the 
most from juvenile volcanic sand and from 
the sea. Their average Is 22 quintals 
paddy per hectare, so that for the remain- 
ing districts, excluding these 3, the 
average la not even as much as l4 qu./ha. 
Along the Brantas the comparable figures 
for 10 districts, from Blltar to Kertoaono, 
average 27.5 qu./ha., and for 11 districts 
from Djombang to the sea the average Is 
29*2 qu./ha.; roughly double the paddy 
yield of the Solo valleyl 

Along the Loesl and the Serang 
rivers, which, like the Solo, are heavily 
charged with marl slit, the average paddy 
yield from Djepon to Manggar also comes to 
about l4 qu./ha., while the average of the 
plain of Demak, for the greater part built 
up out of such silt. Is about 19 qu./ha. 

For the entire Loesl, from Blora to the 
sea, the average Is about 15.5 qu./ha. One 
could wish for no more beautiful agreement 
between the Loesl and Solo rivers. 

Meanwhile, keeping to broad gen- 
eralizations, there appears to exist a 
striking correlation between the produc- 
tivity of the soli for lowland paddy and 
the density of the population . Prom the 
figures of the previously mentioned Agri- 
cultural Atlas and those of the Census of 
1930 the following approximate table 
(see Table 158) has been drawn un. 


6 ^ 

(1) The farmer la as good aa certain of a 
dry season of three months for the harvest. 

(2) The soil has a high water capacity, 
coupled with a slow water movement, so that 
the cotton plant, even during a drought, 
can still obtain just enough moisture to 
be able to continue alive and ripen the 
bolls. And (3), the heavy soil and the 
rotation of cotton with paddy apparently 
helps keep down the Insects more than It 
encourages them. See Fig. 242, opposite. 


* # 


EAST JAVA 

Under this heading there are left 
to be dealt with the two residencies of 
Pasoeroean and Besoekl, the "eastern corner" 
of Java In the geographical sense. This 
should not be confused with the Government 
of East Java In the political sense. In 
connection with what was stated on page 632 
regarding the boundary of Eastern Central 
Java, we can say that the region remaining 
to be considered Is roughly that part of 
Java to the east of the line connecting 
Soerabaja and Malang. 


Table I38 


RICE YIELDS IN DISTRICTS ALONG THE LARGSER RIVERS OF EAST JAVA 


Brantas 


Solo River 


Loesl and Serang Rivers 


Paddy 
qu . /ha . 

Iriliabl- 

tanta 
per km/ 


Paddy 
qu . /ha . 

Inhabi- 
tants 
per km. ^ 


Paddy 
qu . /ha . 

Inhabi- 
tants 
per km.^ 

In Kedlri 

27.5 

470 

Ngawl -^Lamongan 

15.8 

266 

Djepon -♦Manggar 

14.2 

232 

Dlombang— ►sea 

29.1 

610 

Karangbinangoen — *-868 

21.8 

1*17 

Oendakan -♦sea 

19.1 

306 

These together 

28.0 

?32 

Those together 

l_ pJ 

15.5 1 

285 

These together 

16.2 

247 


The plain of Demak deserves passing 
attention because of the cotton cultivation 
which is found here, even though this crop 
does not do especially well. The growth of 
this crop la here possible, because; 


Three great’ volcanic complexes 
dominate eastern Java ; The Tenggar moun- 
tains, the Ijang mountains, and the Idjen 
mountains. In comparison with these, the 
Lamongan, the Goenoeng Ringgit and the 


Closely scrutinized, these figures cannot be completely correlated. The annual figures of 19I6-I920 
on the one hand and of 1930 on the other do not completely agree and moreover the boundaries of 
various districts have been altered. However, these points do not greatly modify the general picture. 
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Baloeran volcanoes are of very modest 
dimensions. Of the Southern Mountains the 
part belonging to Malang has already been 
dealt with under Eastern Central Java so 
that there is left for consideration that 
portion of the mountainous region to the 
south of the Idjen complex. There also re- 
mains the Blambangan peninsula. With the 
treatment of the northern coastal plains, 
the Malang plain, the Loemadjang-Djember 
plain and the south Banjoevangi plain the 
principal geographical regions will have 
been covered. If one wishes to obtain at 
a glance an idea of the various relation- 
ships then the General Topographic Map, 
scale of l:250j000 showing the principal 
roads, should be studied. 

Of tho three great volcanic com- 
plexes the Ijang mountain has long been 
extinct. Since of the three it has been 
visited and studied the least by geologists 
and other scientists, as to geographical 
and petrographlcal details we know the 
least about this complex. The two other 
complexes, on the contrary, since they 
still possess active volcanoes, have been 
given much more attention by these re- 
searchers. These include the Tenggar moun- 
tains, the Brorao and the Smeroe, and the 
Idjen mountains, the Raoen and the Merapl 
with Kawah Idjen. Viewed from the stand- 
point of soil science, this extra atten- 
tion is very welcome in order to understand 
the great significance of the recent ef- 
flatas of these active volcanoes for the 
soils of the slopes and the lowlands con- 
tiguous with these volcanoes. 

Geologically and petrographically 
we know nothing more about the Ijang^moun - 
talns than what Verbeek and Fennemarimve 
recorded about them. There they state in 
the conclusion: ”ln general the Hijang 
rocks are much richer in olivine than the 
products of the Idjen." Analyses of these 
rocks, which for the greater part are ba- 


basaltlc, have not yet been carried out, 
but that they are on the basic side is 
quite llkoly. But, just preceding that 
passage on page 104 we read: "By far the 
greatest part of the Hijang consists of 
loose products, ash, sand and stones, some 
of which attain colossal dimensions." In 
general, however, it is just those (inter- 
mediate) andesites which in the Netherlands 
Indies are violently erupted in such great 
quantity, while the true basalts with low 
SIO 2 content are more apt to form lava 
streams. This is thus another reason for 
believing that the Ijang rocks are inter- 
mediate, with amounts of SIO 2 between 55 
and 60 ^. In short, to determine this point 
a number of analyses are essential. We es- 
pecially need samples from the north, and 
especially from the neighborhood of the 
small Loeroes volcano of leucitlc rock 
(more about this later) . 

The Tengger mountain has many times 
been an object of study. But in so far, 
however, as the questions concern more es- 
pecially vulcanologlcal researches, we 
will not discuss them further, and the read- 
er who is Interested in that aspect should 
consult the literature . Regarding the 
important questions as to what kinds of 
rocks, mlneraloglcally, did the Tengger 
mountain produce and how and when did 
these come to the surface, we may now 
briefly answer: especially basalt and less 
andesite; for the greater part blasted out 
as efflata (see Figs. 11, 2^5), while less 
magma flowed out as lava streams (see Fig. 
52 ). As to the time, presumably it was 
during the whole of the Quaternary, and for 
the Bromo and the Smeroe down to the pres- 
ent day^^® (see Fig. 244, page 667 ). 

Already in the first part of this 
book (page 5l) there have been recorded h 
few analyses of Tengger rocks. In Table 
115 (page 560 ) are a few more. We need 
here add only this remark, that a single 


213 . One can, aa we have done here, apply the name "Tengger mountains” In an inclusive sense, so that the 
Bromo complex, the AJek-aJek, and the Smeroe will he Included. The topographic map, however, uaee 
"Tengger Mts.” only for the Bromo complex and thus there Is lacking a designation for the broader 
whole. The same is true of the "Idjen mountains." According to the topographic map the Raoen 
outside of this designation. But If we follow this what are we to call the whole group of mouiitnluB 
which one rides around when taking the road which passes through Sltoebondo, Bondowoso, DJember, 
Banjoevangi and Assembagoes? 

214. Verbeek and Fennema, 1. c . , pp. 98 -IO 6 . 

215 . For example, de Vulkanol. Meded. Noe. ^ and J (with abundant references to additional literature)* 

2X6. See: Verbeek and Fennema, 1. c ., pp. 119-129. 
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Photo by E. C. J. Moiir 

Near Tosarl, Pasoeroaen. This road cut shows shoving of 
complexes of layers of varying pale and darker ash from the Tcngger 
volcano. All Is Juvonll Bromo ash tuff, without lava. 



Photo by Th. Vurth 

Fig. 2kk, Pasoeroean. North slope of the Siaeroe at the time of its 
last periodical activity. This view shows the variable equilibrium 
between the forest growth which Is striving to grow farther up the 
slopes, and ash which Is coming downwards as ash rains and washed off 
the summit by the rain. 
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sample (ahoshonlte) haa a relatively high 
K content 2.6?^. But moat of the others 
show just aa low figures for K. The quan- 
tity of P varies widely. Ca, Mg, and fer- 
rous Fe are In general high. All this la 
In agreement with the occurrence of dark 
brown to black glass In the rapidly cooled 
ash, scoriae, and pumice stone. And com- 
patible with the presence of the minerals, 
Ca-rlch plagloclaae, olivine, auglte and 
hypers thene, this material weathers easily. 

If during the last years 

the Smeroe and the Bromo had been dormant, 
given the above characteristics of the 
rocks, at present the whole complex would 
certainly be entirely covered with a deep 
brown to brownish red lixivium, loose be- 
cause of the high content of Pe, and the 
higher above sea level one vent, the more 
humous the soil would be. Nov man has 
Indeed taken care that, especially In the 
lover portions, the forest has been de- 
stroyed and much surface soil eroded off. 
But the craters have again and again ‘caused 
a rejuvenation of the soil which continu- 
ally tends to become senile. Consequently 
this soil has never been definitely senile, 
for It Is a brownish red lixivium with an 
Incorporation of fresh ash which covers 
the flanks of the Tengger mountain. On the 
Smeroe, which Is a still younger volcano 
than the Bromo complex, even the third 
weathering stage has never been attained. 
One finds only juvenile grayish brown, 
grayish gray and light gray soils. In but 
the second and/or only the first stages of 
weathering. The higher portion of the 
Bromo complex shows a similar picture, with 
all road cuts exposing to view the success- 
ive layers of coarser and finer, lighter 
and darker colored ash (see Pig. 24), page 
667). 

The Idjen complex ^ Includes older 
and younger volcanoes. There are those 
such as the Goenoeng Djamplt, the ,0. Rantl 
and the G. Soeket which, although younger 
than the original G. Idjen, of which now 
only a bit of the crater wall (the G. 


Kendang) Is left. Still all are so old 
that they "must be classified with the 
extinct volcanoes." Nor are various second- 
ary volcanoes, occurring within the cal- 
dera, doing anything more (see Pig. 24^, 
page 667 ). But the Kavah Idjen, belonging 
to the Merapl, still shows some life, at 
present In particular through Intensive 
solfatara activity, as a result of which 
the water of the crater lake becomes highly 
acid, as much as around 0.95 N. free HCl 
and He304 (pH = 0.02).®'® The slllclfylng, 
action of such "water" on rocks falls out- 
side the conception of soil and soil forma- 
tion, consequently we will not consider it 
here. 

And then In the same way that the 
Smeroe Is annexed to the Tengger mountain, 
there Is annexed to the Idjen mountain 
the great, active Raoen, which has erupted 
a number of lava streams. But through Its 
mighty ash eruptions and lahars It has had 
much more Influence upon the landscape, 
especially toward the vest, southwest, and 
south. The last Important ash eruption was 
that of May to July, 1915.®^® 

According to the description by 
Brouwer, the ash of this eruption was 
very dark colored, almost black. Dark 
glass and much magnetite are the principal 
causes of thlsi The relatively low amounts 
of Mg and very small amounts of K are addi- 
tional factors. The analyses (Table 115, 
page 560 ) are unfortunately Incomplete: 

Tl, P, and Mn were not determined. 

Kemmerllng summarized as follows 
the results of the earlier and his own 
petrographlcal researches, not alone re- 
lating to the Raoen, but to the entire Id- 
jen complex: "Almost all Idjen volcanoes, 
Including the primary G. Idjen, have erupted 
basaltic as well as andesitic rocks. The 
petrographlcal and chemical composition of 
the older Idjen rocks hardly differs at all 
from those of the never." Prom the fact 
that the chemical composition of the differ- 
ent rocks diverges less than the mlneralo- 
glcal and the petrographlcal It appears, 


217 . Tor details, see the beautiful monograph: Het Idjen-Hoogland. Ultgeg. d. d. Kbn. Nat. Yerg. Batavia, 
II: G. L. L. Kemmerllng, Geologle en Geomorphologle van den Idjen. 

218 . In the sane monograph II: H. W. Woudstra, Anal, nerkv. water-soorten Idjen, pp. I 50 , 155* 

219 . A. J. Ultee, Meded. over Raoen-ash, Meded. Besoeklsoh Proefst., 2 (1913)> PP* 11-15* H. A. Brouvor, 
De Raoeng en Zljn Jongste eruptle. Natuurk. Tldjschr. Ned. -Indie; (1914), pp. 84-97* 

220. Brouwer, 1. o ., pp. 94-95* 

221 . Kemasrllng, 1 . 0 ., pp. 155 - 136 . 
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Photo by Bley 

Fig. 24-5. The Idjen plateau, covered with grasses and groups of 
trees, a park landscape In the eastern corner of Java. In the dis- 
tance Is Mt. Kendeng, In the left part of which Is visible the 
cleft through which the Banjoepoetlh flows off. At the right Mt. 
Rlngglh. 


however, that a small variation In the 
chemical composition strongly modifies 
the conditions of crystallization. If 
there be silicic acid, It concentrates 
Itself more strongly In the first crystals, 
the phenocrysts. If there be somewhat less 
silicic acid, the phenocrysts are the SIO^- 
poor or S 102 -free minerals, and the silicic 
acid concentrates Itself more in the glass 
remaining over. So there originates a 
series of rocks from the more basic, glass- 
rich ollvlne--ba3alt3 to the amphlbole- 
hypersthene andesites. But the basalts 
still form the principal portion, both of 
the lava streams and of the ashes. A ba- 
salt lava stream from the Merapl flowed 
eastwards Into the Ball strait (Batoe Dodol, 
see Table 11b page b6o). 

To the foregoing also belong the 
extinct Baloeran , and the active Lamongan , 
both basaltic volcanoes. The Lamongan has 
this peculiarity, that from a presumably 
extensive source of magma In the depths of 


the earth, the magma rose not only through 
the principal crater pipe, but also through 
a number of smaller cracks around the cen- 
ter. And because of the especially large 
amounts of gas the magma was blown out. In 
this way the "blow holes,” "dry lakes” or 
"filled lakes” which were subsequently 
filled with water originated. When the 
magma was blown out or forced out with 
somewhat less gas, then the "boccas" or 
adventitious volcanoes originated, built 
up mainly out of black pumice stone, scoriae 
and ash. Seldom did any lava flow out to 
contribute to these cones. 

* 

From all the above volcanic material 
taken together a number of Important soil 
types have developed, Important with respect 
to area as well as with respect to e-conoralc 
utilization. With regard to Besoekl, Van 
der Veen^^^ has written a valuable survey. 


R, (^027 Veen, Bodenitypen 1. h. Ressort V. h. Besoeklsch Proef-station, Meded. Bds. Pr. st. 51 
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Photo by S. J. Wijmenga 

Fig. 246. IJang plateau, -In the eastern corner of Java. Vegetation 
principally of gi'assee and t Jemara ( Podocarpus ) . Soil here and 
there somewhat peaty (elevation more than 2,500 meters). 


As was to be expected, on the old 
1 .1 ang in the lower stretches there are red 
to reddish brown lixivium soils. Higher up 
the red disappears and the soil becomes 
more grayish yellowish brown. Still higher, 
above 700 to 800 m. the color remains the 
same, but there commences the "mountain 
granulation," the formation of "pseudo- 
sand. " 

Actually the surface soil never 
becomes entirely red. It is the subsoil 
which is red. The surface soil is always 
darker> having been tinted more a gray by 
humus from the forest vegetation and by 
showers of quite dark colored ash. But 
lower down on the slopes the forest was 
first destroyed by man and the soil put 
into cultivation. That gave an opportunity 
for strong soil erosion of the looser sur- 
face soil to commence, so that the subsoil 
was exposed at the surface; before that it 
was all a good red. Higher up this took 
place later. Both the weathering went on 
more slowly and the cultivation with the 
erosion commenced later. 

There are thus two reasons why 
erosion must be prevented on the slopes of 


the Ijang*. (l) For the preservation of the 
old forest humus, which is valuable here, as 
everywhere else in the Archipelago. (2) For 
the preservation of the young ash from the 
Raoen and Lamongen, so that it may raise the 
fertility, both chemically as well as phys- 
ically. This applies particularly to the 
perviousness and water and air capacity of 
the soil. The same applies to all other 
older volcanoes in the neighborhood of ac- 
tive volcanoes now scattering ash. In this 
way the Kawi and Ardjoeno prof it from the 
Bromo, the Smeroe and the Kloet, and in 
the Lampongs of Sumatra the Ratal profits 
from the Krakatau, etc. 

That the Ijang mountain has not 
been cultivated higher than is now the case 
is, except on the forest reservations, cer- 
tainly also to be ascribed to the fact 
that higher up this complex of volcanoes is 
so terribly rough. There are steep vailed 
ravines of quite 8OO to 1,000 m. depth. 

It is quite comprehensible that no one 
plants anything there. There are thus 
three zones: the lowest, occupied by the 
native Inhabitants, with paddy and all 
sorts of secondary crops. The next one 


EAST JAVA— SOIL TYPES ON THE VOLCANOES 


m. 


where the European planters produce coffee 
and rubber. Still higher up is the third 
zone, the forest. Way up at the top, 
above approximately 2,200 m. there is tje- 
mara ( Podocarpus ) forest or open grass 
flats (see Pig. 246). Above here on flats 
covered with grass, a sort of peat forms. 

At first it is of a pale color. The soil 
under that will most probably (samples 
have not yet been studied) have an acid 
reaction, so that in addition to the usual 
bases iron will also be leached out and a 
pale lixivium will be fomed. The name 
"pallesclvium" was established, for 
this soil, but the term, however, has not 
yet found general acceptance. 

As to the soil, that on the older 
Bromo complex of the Tengger mountain must 
be clearly differentiated from that on the 
Smeroe. It is true that the Bromo and the 
Smeroe are both still active ash-erupting 
volcanoes, but at the present time the ash 
from the Bromo is small in amount and for 
the greater part remains within the great 
caldera. That of the Smeroe, however, has 
been spread over all the slopes of this 
volcano (see Pig. 244) and even on the 
land beyond to the west and east from it, 
in part through the air, but much more via 
the lahars (mud flows), here called 
besoeks . 

Hence it is clear that the slopes 
of the northerly Tengger, in the narrower 
sense, are somewhat more weathered than 
those of the Smeroe. Since those of the 
latter are in weathering stages 1 to 2, 
then those of the former are in stages 2 to 
5 but not further than that. Besides the 
many and enormous lahars which have flowed 
down toward the north and northeast and of 
which still large masses of great boulders 
remain, there have also been small erup- 
tions of ash which have extended out be- 
yond the area of the caldera, and have made 
their contribution to the rejuvenation of 
the soil. Consequently the slopes above- 
mentioned are on the way toward brown to 
i^eddish brown lixivium, but so diluted with 
more or less pale gray that at many places 


they now show this color. The true yellow- 
ish brown or brownish yellow soil, such as 
one finds in the mountainous districts 
with continuously much rain, we do not 
find here, because since there is an 
annually recurring dry season of a few 
months the weathering is an intermittent 
leaching type (see map. Fig. 6). 

On the slopes of the Smeroe the 
weathering stages of the ash vary from 0 
at the top, to 1 to 2 below. In other 
words the soil is as juvenile as is that 
on the Kloet. On these slopes the battle, 
so to say, between vulcanlsm and vegetation 
(see Fig. 244) may be seen very clearly. 

If vulcanlsm gets the upper hand, then the 
fresh ash wins some ground, and the timber 
line is forced downward. VHiile if the ash 
eruptions cease for a time, then the vege- 
tation wins and the timber line moves up- 
wards. If from now on the volcano should 
cease erupting, then without doubt the 
vegetation would climb up, though it would 
progress at continuously slower rates, 
until it would finally reach the top at 
about 3,600 m. It is of course true that 
at the top there would be no tall forest. 
Just as on the Tengger, in the strict sense 
of the term, and on the Idjen Plateau, the 
tjemara ( Podocarpus ) forest would predomin- 
ate. Above about 2,000 m. (see Pig. 247, 
page 672) and especially still higher, 
above 3,000 m. there would be more scrub, 
dwarf forest, as is the case on other moun- 
tains of these elevations. However, there 
never would be a zone permanently without 
any vegetation. 

That more plantations lie around 
the Smeroe, in spite of the fact that the 
soil on its slopes is really somewhat too 
fresh^^^ for ideal agricultural purposes, 
and that the slopes of the Bromo complex in 
that respect are further along, is apparent- 
ly entirely a question of water. 

The Smeroe soil consists predominant 
ly of fresh, quite coarse, volcanic sand, 
besides much gravel and large boulders, 
as may be seen in the ravines where the 
rivers flow through these deposits (see 


2H. E. C. J. Mohr, Tropical soil forming proceaees, with special reference to Java and Sumatra (trans- 
lated by Robert L. Pendleton), Pelklng, V- 93* 

224. Cf.: C. G. G. J. 7an Steenls, Hfdet. Botanle in: A. H.‘ Colljn, Naar de eeuwlge sneeuv van tropsch 
Nederland (Amsterdam, 1937), pp. 268-275, and: Van Steenls, Bull. Jard. Bot. Bzg, S. Ill, Vol. VIII, 
P* 329. 

225. Cf.: E. C. J. Mohr, lyp. verschlllen t. Smeroe-en Zuld. geb. gronden, Publ. Ned.-Ind. Lb. Synd., 10 

(1918), p. 949. 
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Photo hy Bley 

Fig. 2k'J. TJemara ( Podocarpue ) forest, Idjen plateau, in the east- 
ern corner of Java. (Cf. p. 682.) 



Fig. 2i*B. Valley of the K. Mandlng creek, on the east-southeast 
slope of the 0. Smeroe, east Java. Steep ravine hank In lahar 
material, very fertile and therefore completely covered with vegeta- 
tlon In spite of being practically vertical. 
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Fig. 248 , page 672). Consequently these 
soils have only a low water capacity. 

Water available for the plants Is thus 
quickly used up by the crop plants (coffee, 
rubber). But seeing that the southern and 
southeastern slopes of the Smeroe, also In 
the east monsoon always have much rain, as 
shown In the map (Plg. 6 ). (as well as may 
be learned from the rainfall data of the 
Observatory at Batavia) the soil seldom 
has an opportunity to dry out, even for a 
short time, so there Is little possibility 
that the plant growth will suffer. If the 
soil be completely protected against ero- 
sion by natural forest or forestation there 
also gradually develops a brown lixivium 
which, the higher one goes, the darker 
colored becomes the surface humous layer. 
Between 400 and 1,000 m. as well as some- 
times even lower and also still higher, 
there are numerous plantations, originally 
exclusively of coffee, later more and more 
of rubber, but also with plantings of tea. 
With reference to the peak of the Smeroe 
these plantations are concentrated espe- 
cially in the south-southwestern sector, 
because more toward the west the annual dry 
season during the east monsoon becomes more 
Intense, and because more toward the south- 
east the rainfall becomes too heavy, caus- 
ing lahars (besoeks). It is worth noting 
that Deuss^^® also called attention to the 
small maximum water supplying capacity of 
the Smeroe soils, which can be improved 
only by much humus. 

For information regarding the soil 
on the slopes of Idjen mountain and the 
Idjen plateau the reader is again referred 
to the previously-cited publication by Van 
der Veen. The oldest soil type is found 
on the oldest formation, the Kendeng ridge, 
especially In the northwest and so the 
least Influenced by the younger eruptions. 

227 

On the northwest slopes Van der Veen 
differentiated three distinct soil types, 
one above the other. An uppermost belt, 
above 1,200 to 1,300 m. consisting of the 
pseudo-sand or brownish yellow mountain 
lixivium with a dark gray surface soil and 
a tolerably pale subsoil. "Quite suddenly 
at about 1,300 m. this sandy soil changes 
Into a yellowish brown clay." And below 
Ibat, at about 900 m. the soil changes 
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Irregularly Into a red, strongly cracking 
quite senile mountain clay." Thus a red 
lixivium coming into existence because of 
intermittent weathering. During a visit 
to the Pantjoer plantation, one of the few 
on Java which still successfully grows 
Coffee arabica , I made the following note: 
the plantings above about 1,200 m. were 
entirely free from the elsewhere so much 
feared leaf disease; going lower than 1,200 
m. the disease was noted only occasionally. 
Farther down more was present, but even as 
low as to 900 to 800 m. it was not trouble- 
some. The coffee was able to carry on and 
yield a crop, although not as well as 
higher up. Even below 8OO m. there were 
Indeed a few gardens, but these were in a 
precarious condition. 700 m. Is the lower 
llml't of the plots planted to this crop. 

It Is Indeed astonishing how closely the 
limits of the leaf disease, thus the pos- 
sibilities of cultivation, approximate the 
boundaries of the soil types. It may be 
stated this way: In a climate like that 
of Pantjoer, arablca coffee can be safely 
planted on pseudo-sand soil (above 1,300 
mm.), but on brownish yellow mountain 
lixivium (between 900 and 1,300 ra.) only 
If great care always be taken. Below 900 m. 
it is better not to plant at all on red 
lixivium. This quite nicely summarizes 
the results of experience. 

Planting other crops on these red 
lands of the northerly slopes is almost 
never done. The lower one goes, the fiercer 
the dry season is in the east monsoon. 

Since the period from May to and including 
November is, during many years, practically 
rainless and the soil holds only a limited 
quantity of moisture which it can place at 
the disposal of the vegetation, only those 
crops should be planted which stand in the 
field during the rainy season of at most 
4 to 3 months. The conditions ar# about 
the same as on the northern slopes of the 
Tengger. 

The northeastern quadrant of this 
mountain is indeed the very driest. In this 
region there is neither a single plantation, 
nor a single village. This region -is cov- 
ered by thin forest which, the lower one 
goes, the more It grades into savanna with 
here and there a group of trees (see Figs. 


226. J. j, B, DeuBB, Theegrondon veoi Java en Sum., Meded. Theeproefst. LXXKIX (1924), p. 51* 
^27. Van dor Veen, 1. c ., p. 25. 
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Photo hy Bloy 

Fig. 2k9* Looking Gouthwarde In the region near Aoembagoee, eastern 
corner of Java. Tree Bavaima In a dry climate. In the distance at 
the left the Banjoenoetlh pass; to the right In the clouds Mta. 
Soeket and Raoen. 



Photo by the Forest Experiment Station 

Fig. 2‘)0. Forest reserve around the Baloeran, eastern corner of 
Java. Hopeless contest against fire In a tree savanna, an exten- 
sive wilderness of grass. 
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25 > 249, 250 ), The soil I3 full of atones active, at least until the most recent 

and sand. The subsoil grades Into a light times. These last-named volcanoes have 

brovn, while the surface soil, to a depth with their products covered over much of 
of from 1/5 to 1/2 m. Is black and powdery, the flanks of the above-named series of 
It is possible that from the oft-repeated volcanoes. Of this series practically 
burning of the cogon grass, In the course only the Rant! may be excepted, so that 

of a long time, much carbon remains In the we today can speak of Rantl soils, of 

soil. It Is also possible, however, that Merapl soils, and of Raoen soils. The 

the regular recurring drying out has given products of the other volcanoes are of much 

opportunity for a more alkaline reaction, less Importance and hardly worth consldera- 
and carbonatlon in consequence of that. tlon.^^^ 

The first explanation is much more likely Ranl l soils are found especially 

to be the correct one, because the very In the south southeastern sector, from the 

sandy and stony soil Is pervious and thus summit of the Rantl. More to the west are 

gives little opportunity for becoming alka- found materials from the Raoen, while more 

line. Even so we must be cautious In to the east are deposits originating from 

coming to a conclusion. In any case It Is the Merapl and the Kawah Idjen. Although 

clear that In the west monsoon more rain originally of more recent date than the 

falls on the upper portions of the slopes Kendeng soils, the Rantl soils have pro- 

than lower down. Also more falls than the gressed at least just as far In the weather- 

pervious soil can retain against percola- Ing as the former. This is the result of 

tlon. The ground rapidly soaks up this the very rainy climate of the sector re- 

water which quickly percolates down ferred to (see the map, Fig. 6), which 

through the ground. Part of this water wltliout doubt causes the weathering to pro- 

comes to the surface lower down on the ceed much more rapidly. Besides a con- 

mountain as springs on the slopes of the slderable proportion of unweathered mineral 

ravines or elsewhere. Those seepage places grains, the soli also possesses a consld- 
are thus the ones which It should be pos- erable percentage (l3-35^) of colloidal 

slblo to reforest. For the time being the weathering minerals, which has decreased 

bare ridges can well be left alone. But the permeability and Increased the water 

the water which seeps out from higher re- capacity. Because of the frequent rains 

glons Is also an extract of very juvenile no Java coffee Is to be found here--rubber 

rock material; an extract which during Is the principal crop. Higher up the brown 

an Intensive drought, and because of the lixivium has been partially altered Into 
relatively high lime and sodium content pseudo-sand by mountain granulation, but 
should be able to give even an alkaline this does not develop on the lower slopes 

reaction- to the surface soll.^^^ Enough and therefore at times the soil la hardly 

has been said to show the reader that the pervious enough. As a result of excessive 

data are Inadequate to permit making any water In the soil it does not drain properly 

more definite statements. so that there Is a lack of air. 

After the sinking In or collapsing The Merapl , younger than the Rantl, 

of the (hypothetical) original summit of has apparently erupted much fine sandy ash.^^® 
the large Idjen volcano and the formation On the higher eastern to southern slopes 
of the Idjen plateau, new volcanoes, espe- the pale brown lixivium In weathering stages 

daily In the west, south and east, orl- 1 to 2, should perhaps not be called 11x1- 

glnated In or close by the rim of the cal- vlum, but because of the large proportion 
dera. Of these new peaks we may mention of fine grains, especially between 100 and 

the G. Soeket, the G. Pendll (G. Djamplt), 9 mu. It holds quite a good deal of water 

the G. Rantl, the G. Pawenen, the G. Ring- so that, provided adequate rain falls. It 

glh and the G. Koekoesan. In the east the can carry very good vegetation. Wliere In- 

Merapl and the Kawah Idjen are younger. adequately protected, this soil Is very 

The Raoen Is still younger and has been apt to erode off. The water easily carries 

228 . Cf. pp. 73-75 of this book. 

229. More detalla regarding this In: Van der Veen, 1 . c ., pp. i 4 - 2 t. 

250. Verbeek and I^nnema, 1 . c., p. 80. Here the 'huthare speak of a "fine, yellow to brovn, mealy soli." 
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Photo by E. C. J. Moln' 


Fig. 251. The bank of a road cut acrose the Watoe Dodol; the east- 
ern foot of the Merapi-Idjen, In the eastern corner of Java. On the 
basalt lava lie ash and gravel layers cemented by concretionary 
calcium carbonate. 


the material off vlth it and elsewhere 
again deposits the material as sorted 
layers. Consequently in many spots may 
be found alternating layers of coarse and 
finer ash and the soil as a whole is dif- 
ficult to cultivate, as was also stated 
to be the case with the Kloet deposits. 

Lower, just above the sea, on the 
Batce Dodol (see page 669) lie Merapi ef- 
flatas under a climate with an intense dry 
season. These deposits have been cemented 
by concretionary lime leached from high 
layers which, for the greater part, have 
already been eroded away. The cut for the 
highway over the basalt flow exposes to 
view these llme-padas forms (see Fig. 251 ). 

According to Van der Veen,^^^ the 
Raoen deposits show similar phenomena. The 


distinction is that in these soils second- 
ary water levels can form wet and dry 
layers, with in one part too much water, 
and in another part too little. Deep 
working over and mixing of the ground is, 
however, somewhat expensive for many crops. 
This is especially so if at the same time 
measures must be taken against further 
erosion. As yet there are only a few 
plantations on these sloping and dissected 
Merapi soils. In the course of a long time 
during some centuries, the soil conditions 
here will continue to become better and 
better, especially as to water relation- 
shlps. 

The last volcano to be active 
and most Important for the soil formatlcr; 
Is Raoen. Its efflatas have found their 


231. See: E. C. J. Mohr, Wetenflchap en praktljk Inz. lb. aange lege nil. , Publ. Ned.-Ind. Lb. Synd. ( 191 “^) 
p. 53 i eapeclally pp. 60 - 62 . 

252. Van der Veen, 1 . c ., pp. 14 - 22 . 

233. The sequence of the above enumeration of volcanoes is that of the ending of their activity. But 
this does not Imply that they had also ccmmenced their activity in this sequence.^ On the contrary 
the baeal portion of the Merapi is presumably much older than later volcanoes, which had already be- 
come extinct much sooner. However, from the nature of the case the soil scientist Is especially 
Interested In the last eruption and Its ejecta which cover over the landscape. 
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way particularly toward the west and the 
south. Pure aeollan deposits are especi- 
ally on terrains which were already more or 
less higher than the surrounding land, as 
on the northwestern part of the southern 
mountains, for after the eruptions no Raoen 
lahars could flow over them. But more 
northerly, thus west and northwest from the 
summit of the Raoen, likewise to the south 
and southeastwards, lahars could and did 
sweep down over the slopes. 

Being in stages 0-1, the slopes of 
the Raoen are still very juvenile. The 
weathering has scarcely yet reached the 
brown stage. In the lower stretches, how- 
ever, the weathering has certainly pro- 
ceeded somewhat further, but then the grain 
size on the lower slopes also averages j 

smaller. 

Van der Veen has focussed attention 
upon two peculiarities of the Raoen soils, 
namely, (1) The so-called colloid figure. 

And (2) The tendency to cementing, and the 
formation of padas^^'^ (a tuff horizon). 

Regarding (l)--we must not overlook 
the -fact that Vageler’s colloid flgure^^^ 

Is really a figure indicating rate of 
permeability for water, and only Indirectly 
by Inference, gives an Idea as to the col- 
loid content. That even with a low content 
of weathering minerals according to the 
mechanical analysis, we may still have a 
relatively low permeability. Is not so 
strange. If we realize that fine ash par- 
ticles of from 20 to 5 niu can very well 
fill up the little spaces between coarser 
grains of 100 to 50 mu, so that there is 
left but little capillary space. That 
frequently a dustlike ash layer 5-15 cni. 
thick, lying between layers of much coarser 
sand has a cutting off action, even If al- 
ways saturated with water, permitting 
neither downwards or upwards water move- 
ment, Is likewise easy to conceive of. 

Hence the sound advice given by Van der 
Veen to eliminate, by thorough mixing of 
the soil, any such heterogeneity which may 
he the result of successive eruptions of 
different kinds of ash. 

Regarding (2) not much else can be 
said than that the tendency to the forma- 
tion of tuff mentioned Is peculiar to the 


in. 


the very first weathering, as was pointed 
out on pages l45-l44 and has been found 
to have occurred on the slopes of the Tje- 
clmal (see page 617), the Merapl (see page 
64l), the Kloet, the Tengger complex, and 
the Smeroe complex. In the course of time 
this cemented horizon shifts from the 
surface downwards, and the more intensive 
the rainfall, the more rapidly this re- 
moval takes place. Humus (green manuring) 
counteracts the cementing effect not only 
mechanically, but alao chemically, espe- 
cially through the lowering of the pH. And 
If, for example. In the marginal region of 
the Raoen lahars and the Ijang slopes, by 
means of Irrigation reddish brown or brown 
silt can be brought onto the too juvenile 
ash lands so that this silt can be Incor- 
porated Into the soli, then the Iron 
hydroxide will also retard the cementing 
Into tuff. Here and there in the Southern 
Mountains one stumbles upon favorable 
combinations of a similar nature. 




So much for the soils on the three 
great complexes of volcanoes. Of the 
smaller volcanoes the Lamongan Is the fore- 
most. It had been quiet a half century 
then again commenced erupting ash, and lava 
flowed out. Its rock Is basic, basaltic. 
Because of much magnetic Iron and black 
glass, the ash Is dark colored to almost 
black, In fact so dark In color that lay- 
men have though the black scoriae to be 
coal (see Pig. 252, page 678). As a con- 
sequence of the high Iron content, as is 
the case with the Raoen ash, the ash and 
the scoriae easily weather subaerlally to 
a reddish brown lixivium. The content of 
Ca and Mg Is high, as in the Raoen ash. 

The content of the alkalies Is low, espe- 
cially of the K (Table 115, page 580). As to 
the P content there are no figures avail- 
able. Yet these relatively low K figures 
should not be disquieting, because there 
is a rather dry season in the year and the 
soli is universally juvenile, thus great 
reserves are available. If there ever 


^ 34 . R. yan dsr Vesn, drondkaart, grondwater e/d Beaoekl-tab. oultuur, Meded. Besoek. Proefat. No. 

(1935). 

255 . See: P. Vageler, Arch. Theeoultuur I (Jan., 1928), pp. 92-95, and 102-105. 
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Photo by E. C. J. Mohr 


Fig. 2^i2, Bocca region, north from the Lnmon^^an, eaetern corner of 
Java. Accumulated efflatac are dtirk colored ash and black clnclors 
which nave boon mistaken for cool. Weathers to a very fertile dork 
red lixivium. 
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Photo by E. C. J. Mohr 

Fig. 255. Bridge over the TJoerah Boeboer, In the eastern corner of 
Java. In the dry east monsoon the bed of gray to black sand Is dry. 
During floods In the west monsoon the water Bometlmes almost reaches 
the level of the road. 
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should be a deficiency in the soils on the 
slopes of the Lamongan, it would first be 
N, then organic matter, and especially 
water. Where water is adequate, that is 
to say whore there is regular and abundant 
rain, on such chemically rich soil there 
is of course a permanent forest vegetation 
and in so far as it has not been destroyed, 
it is still there today. The Lamongan is, 
however, not extraordinarily high, only 
between 1,600 and 1,766 m. and with a quite 
sharp cone. Thus there is not much oppor- 
tunity for rain caused by ascending air 
currents. Hence the summit is covered with 
forest. That is true for the Taroeb summit 
and three-quarters of the mantle, but the 
Lamongan summit, in the strict sense, and 
the lower sector, facing toward the south- 
west are bare. However, where water Is in- 
adequate and that is especially toward the 
north and more on the foot, the lower 
slopes, there is only a miserable vegeta- 
tion. Only on the southern side, where the 
rainfall is more favorable are there to be 
found plantations or mountain cultures, 
such as coffee and rubber. Yet in the west 
monsoon also on the northern side there 
falls a considerable quantity of rain, but 
the juvenile, scorlae-rich soil is able to 
hold only a little water and that is just 
the critical factor in the following dry 
oast mpnsoon, both for spontaneous vegeta- 
tion as well as for crop plants. In the 
dry season it is a notable experience to 
travel in or over a broad river bed of 
completely dry volcanic sand, with high 
bridges crossing it, which through their 
height make us realize to what astonishing 
heights the rivers in the rainy season do 
rise (see Fig. 233 , 678). 

Another smaller volcano which, 
however, since it has lain quiet and ex- 
tinct for a long time, attracts little 
attention, is* the Ba loo ran . This lies in 
the extreme northeast corner of Java. Ba- 
salt is the only known rock erupted by 
this volcano. On this mountain, of which 
a single peak rises above 1,200 m. there 
prevails an exceptionally dry climate, and, 
seeing that the volcano is practically 
completely deforested, the Government has 


made it and the greatest part of its foot 
slopes into a forest reserve. This is in 
order to try and prevent the repeated burn- 
ing of the miserable forest of the higher 
stretches which in Itself has already a 
difficult existence. This forest is con- 
tinually the victim of the fires which 
spread up from the grass lands of the 
lower coastal stretches against the slopes 
and there cannot be extln^’;ul3hed (see Figs. 
230, p. 67^; 25 , p. 660), It is evident 
that if once the forest I’lres are checked, 
gradually more forest will again occupy 
the land and more soil will be held fast 
on the slopes, a result which will in its 
turn be to the advantage of the forest. 

Then it is also worthy of note that the 
water flowing off from the upper slopes 
will flow more constantly and the small 
irrigated region at Badjoelmati, for ex- 
ample, can be extended. 

Whether, however, even complete 
exclusion of fire from the lower eastern 
and northern slopes of the Baloeran will 
ever result in its being covered with 
closed forest, still seems to be an open 
question. According to Van Steenis,^'^® 
one need not doubt at all that this entire 
mountain would be covered with closed for- 
est, and man, because he Is the cause of 
repeated burning, is the only reason that 
the mountain is not forested today. Cape 
Baloeran is generally known as the very 
driest portion of all Java. Rainfall ob- 
servations however, are entirely lacking. 
But, if we take^^^^ those of Ardjasa, Asom- 
bagoes and Soemberwaroe as a guide, then 
the average rainfall of the region referred 
to certainly will not rise above 930 ram. 
per year, of which the 8 months with the 
least rain will average but 200 ram. and in 
tliL' 6 driest months perhaps not even 100 mm. 
The average number of rainy days will not 
exceed 63 for the year, 16 rainy days for 
the 8 driest months, and 7 rainy days for 
tlie b driest months. Then If we also take 
into consideration that in several years in 
succession continuous rainless periods of 7 
to 8 months occur in this tract then that 
"closed forest" supposed by Van Steenls to 
have existed here must Indeed have been a 


236. C. 0 . G. J. van Steenla, ....origin of doserta la , tenoral. Bull. Jard. Botan. Bultenzorg Ser. Ill, 
Vol. XIV, I (1956), pp. 50-53. 

237. From the Verhand, 24 van het Kon. Magn. en Meteor. Ohs. to Batavia, supplemented hy the figures for 
1929 and 1950. 



680 


THE SOILS OP EQUATORIAL REGIONS 



. Photo by the Forest Experiment Station 

Fig. 254. Mt. Baloeran In the eastern corner of Java. In the fore- 
ground the burned bare flat where the Madoereese, guided by the new 
shoots dig for ubl ( Ploscorea ) tubers. Only a very few sorts of 
trees will withstand the annual grass fires. The slopes of the 
Baloeran above are still covered with forest, but It Is Irregular 
and with openings. 


very special sort.^^® While Asembagoes has 
a high back country which can supply irri- 
gation water, it is a very big question 
whether the small Baloeran summit can in 
this respect function adequately. In short, 
whether in tropical and subtropical regions, 
without a supply of water, with a rainfall 
of less than 1 m. and with frequently oc- 
curring continuously rainless periods of 
more than 200 days, the savanna and desert 
vegetation should only and exclusively be 
ascribed to the forest-destroying Influence 
of man, is still only an assumption, which 
remains to be proven. 

However this may be--the forest 
referred to on the slopes and on the low 
foot would, presumably, for the greater 
part, drop its leaves in the dry season so 


that the soil during this time would also 
be even seriously exposed to the direct 
rays of the sun. For although originally 
a layer of fallen leaves would lie on it, 
the strong hot east monsoon would not leave 
these leaves unmolested, and would even 
blow some of the soil from the bare ground 
(wind erosion). The condition which now 
prevails^®®--is the following: already for 
many decades, annually in the time of the 
scarcity of food at the end of the dry mon- 
soon many hundreds of Madoereeso come over 
from Madoera and burn off all the cogon 
and forest, so that among the young sprouts 
starting up after the burning they easily 
locate the tubers of ubigadung ( Ploscorea 
hispida Denst .^- D. hirsuta Bl.) and dig 
them out (see Figs. , It is 


238. In thlfl connection compare the figures from: Ch. Coster, Verdamplng v. versch. vegetatlevormen, 
Tectona XXX (1937); PP- 1-12^+. 

239. According to monthly reports of the Opperhoutv. P. K. Herlnga, cf. at the same time; T. Ottolander, 
Alg. Lb. Weeklbl. N. -Indie, £ (I9l8), 793 and F. H. Hlllobrand, Oewl- en gadoengsoorten in djatl- 
boBSchen, Het Bosch, I (1933); PP* ^7-^5* 
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obvious that with this treatment there Is 
not much chance that normal brownish red 
lixivium can form through Intermittent 
leaching out In the west monsoon. The 
burning year after year certainly results 
In so much charcoal falling onto and Into 
the soil that this becomes a dusty black, 
In so far as the charcoal Is not blown out 
by the wind and disappears. 


•«• * * # * 


Enclosed by the circular road from 
Bondowoso, through Sltoebondo, Panaroekan, 
Besoekl and back to Bondowoso there Is a 
mountainous region to which Mt. Goenoeng 
Ringgit , as well as 0. Djember and G. Beser 
belong. G. Ringgit Is an old volcanic 
ruin, notable In that the rock, at least 
the greater part, contains leuclte, solidi- 
fied out of a relatively K-rlch magma. 

That the soils, originating from this ma- 
terial through Intermittent weathering 
should be especially rich In K does not 
appear to be borne out In practice. But 
to this point we will return again. Apart 
from that In the analyses, Included In 
Table 115, page 5^0, there are still a 
couple of special points which are worth 
noting. l3t--the high P content which also 
characterizes the leuclte rocks of the 
Moerlah, and 2nd--the low Na content, def- 
initely lower than that of the Moerlah 
rocks . The K 2 O content varies around 6^. 
One of the analyses (No. 2) clearly shows 
that the Ringgit had also ejected Na-rlch 
and K-poorer basalts. 

As to the climate, this holds ap- 
proximately to the average between that of 
the Baloeran to the east, and the northern 
slopes of the Tengger to the west. In each 
case a marked dry east monsoon and a moder- 
ately rainy west monsoon prevail. As a 
consequence, on the slopes of the Ringgit 
Intermittent leaching Is the prevailing 
weathering form, which leads to a brownish 


red to red lixivium, moderately leached 
out, but slightly humous. On this mountain 
also. In the east monsoon heavy cogon and 
forest fires regularly occur. A few years 
ago in one fire "on the slopes of the Ranoe 
mountain" which Is the western part of 
this mountainous region, "more than 2,000 
ha. 'Of poor upland rice fields of the na- 
tives were cooked along with the native 
forests which continued to burn." Three 
years later It was "already to be observed, 
that In so far as there were present remains 
of the vegetation on these lands, these cov- 
ered the surface quite well."^^^ With ef- 
fectual measures for the control of fires, 
we may here expect the development of a 
decent monsoon forest. As a consequence 
of that an equalizing of the discharge of 
the small mountain streams which supply 
water for the Irrigation of the coAstal 
plain also can be expected. 




The last mountainous region to be 
discussed here Is the Southern Mountains , 
lying to the south of the Raoen and Idjen 
complexes. This Is the oldest, for its for- 
mation extends certainly to far back Into 
the Tertiary. The rocks consist princi- 
pally of conglomerates and breccias of 
hornblende and pyroxene andesltes^^^ also 
slllclfled tuffs, but there are also sand- 
stones, quartz porphyry, diabase and lime- 
stone. 

In general, on the slopes and on 
the summits the soils are red. These are 
different sorts of red lixivium depending 
upon the proportions of Iron oxides and 
hydroxides and quartz sand. If In old red 
soils the Iron oxides are entirely dehy- 
drated then the soil Is heavy and plastic. 

If the Iron oxides are still for the most 
part brown to yellow, then the soil Is not 
plastic and heavy, but looser and light. 

Also the quartz sand makes the soils lighter. 


21k). See: Jaart. Mljnw. N. I. (1932-1933), p. 88 (1935); and Do mljnlngonleur ih (1933), pp. 197-199* 

Cited In; K. Kell, Uetor d. Vork. t. louoltrelchem Basalt a. G. Ringgit (Java), Centr. bl. Min. Geol. 
Pal., A ( 1933 ), P* 2 I 15 . 

2^1. See the Hem. t. Orerg. ran Rob. A. H. Noljs (Jull 1929)* 

2^2. 'ni 0 analyses rooorded by Stoehr (1873) are Indeod quite lnoon 5 )lote. Seo Table II 5 , p. 560. 

2^3. Cf,; Van der Veen, 0 ., p. -2. 
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According to Van der Veen"^^^ the degree of 
heaviness varies from 4 to 10. Only the 
lighter sorts are really suited for culti- 
vation. 

In the valleys of the rivers are 
more subaqueously weathered, gray soils. 

They are heavy, If they are free from sand. 
But they are lighter. If they contain 
quartz sand or Raoen sand which has been 
carried' onto them. Also here again only 
the lighter types are suited to cultivation. 
They were originally planted to coffee, and 
later to rubber. Following these, native 
crops are also grown. 

It Is worth recording that where 
these gray soils have been In gardens for 
many years under good drainage "most times 
they have become brown to some degree"-- 
(van der Veen) . 

Except when much juvenile Raoen 
material Is mixed In through them, neither 
the soils on the slopes nor those In the 
valleys are chemically rich. 


M * * * * 


Now as we consider the plains of 
East Java , we should rem^^mber that all the 
materials of which they have been built up 
have come from the above already- consid- 
ered mountains and complexes of mountains. 

The Idjen Plateau occupies a spe- 
cial position. It Is In no sense a plain 
built up by river action, but a high 
crater plain, surrounded by and spotted 
with a number of large and small volcanoes, 
the products from which have flowed over 
and are scattered about, so that It Is fre- 
quently difficult to point out, from just 
where the material has come which makes 
up the ground on which one happens to be 
standing (see Fig. 245,). Since In this 
book we are not attempting to do a mono- 
graph of Java, still less of Besoekl and 
least of all one about the Idjen plateau, 
we cannot very well go Into details. We 
must be content with the statement that 
the combination of loose and friable vol- 
canic soil. In elevation varying from about 
900 to 1,600 m. with a climate for this 
elevation notably dry, make very favorable 


growing conditions for Coffea arablca , 
which Is raised here on various plantations. 
The surface soli Is often dark gray to 
black, and the subsoil light yellowish 
brown In color. The whole Is friable, 
never plastic or heavy. The content of 
good humus Is not strikingly high. It Is 
quite easily possible that the surface 
soli Is considerably darker in color than 
It otherwise would be due to the mlxed-ln 
charcoal, which has come from the annual 
burning of cogon and coarser grasses which 
has presumably been occurring for a con- 
siderable time. Now and again over the 
whole region there have been lighter or 
heavier falls of ashes. Because of these 
reasons It does not seem to me likely that 
the Idjen plateau was ever covered by a 
solid tropical high forest. The very long 
time necessary for soli formation, and per- 
haps also the requisite water In the soli 
have presumably been Insufficient. The 
description by Junghuhn, almost a cen- 
tury ago (l844), points In the same direc- 
tion. Where there Is only mention of 
"grass plains and young' tjemara ( Podocarpus ) 
shoots at most 25 years old" (see Figs. 245- 
247, pages 669-672). 

A plain, lying much lower than the 
Idjen plateau, but yet a relatively high 
plain, Is that of Malang , which is an ele- 
vation of between 300 and 500 m. above sea 
level. It Is a triangular region: in tlie 
south the Southern Mountains, In the west 
stand Mts. Kawl and Ardjoeno, In the east 
stand Mts. Tengger and Smeroe. The three 
corners, each In Its turn, could have been 
a threshold for the outflow of water. For 
example. It Is Indeed quite possible that 
long after the Kawl lahars had reached 
the Southern Mountains but the Smeroe was 
still building Itself up, the Tengger and 
Ardjoeno held out their hands to each other 
In the saddle of Lawang. Then the surplus 
water of the plain must have flowed put 
toward the southeast. Perhaps at one time 
the water ran northwards; while now the 
plain Is drained through the southwest 
corner, through the Brantas valley. But 
In any case we can safely say that after 
the elevation of each threshold, which had 
occurred in the geologic past, a smaller 
or larger portion of the plain was submerged; 


21^5. Van der Veen, 1. 0 ., pp. 26-27. 

246. F. Junghuhn, 20 Nederl. Ultg. van ’’Java,” III, p. IOI7 ff. 
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again later to be drained dry through 
both cutting down of the threshold, and 
through filling up of the plain behind the 
threshold. 

Already ve have considered many 
smaller and larger plains on Java, of which 
It has been, or might be, said that they 
have once been lakes. The limitation to a 
particular period of time Is unnecessary. 

In a volcanic land with countless eruptions 
and a still greater number of lahars, dam- 
ming up or draining out of rivers can have 
occurred again and again and for each 
earlier lake plain laid dry least of all 
Is It necessary to suppose thab It was 
laid dry all at once. Nor Is It any more 
necessary to believe that the surface soil 
of such an earlier lake plain must now also 
show signs of the earlier subaqueous weath- 
ering. That this Is obviously so, will be 
understood when lb Is realized that after 
draining of the lake new surface coverings 
have occurred subaerlally, as ash out of 
the air, as lahars or as the usual deposits 
of river sediments over the surface, so 
that the earlier lake soil can be foQnd 
only by boring or when it Is exposed In 
river banks. 

Consequently the Malang plain is of 
very heterogeneous material and only a part 
of the "plain" la really flat. There are 
not 6nly mighty ridge -forming lahars, which 
have flowed down in especially from the 
eastern side, but even lava streams, which 
form ridges and bubbles. On the other 
hand erosion has rounded off the edges of 
the gorges which the rivers have cut down 
deep Into the plain and have In that way 
attacked the plain. 

A large part of the plain Is cov- 
ered by a peculiar gray, sometimes more or 
less sandy, but sometimes very fine grained 
and heavy surface soil on a brownish red 
subsoil. The latter Is clearly an earlier 
surface soil, subaerlally weathered to the 
usual brownish red lixivium. The plain 
must have lain exposed to the air for a 
very long time to pemlt the formation of 
such a soil. The gray layer differs In 
thickness, from ij or 2 m. at the most, to 
a few decimeters where it is the thinnest. 
Where the layer was still thinner It has 
disappeared or at least at present Is 
not easily recognized due to the culti- 
vation of the soli, etc. Why has this sur- 
face soil, apparently built up from the 




younger products of the Smeroe, not become 
brown rather than gray? The color, point- 
ing to the subaqueous weathering, suggests 
the possibility that the outlet of the 
plain was dammed up, submerging the land 
with the formation of a lake, and as a 
consequence subaqueous -weathering took 
place. For the formation of a lake the 
terrain, however, must have been flat, not 
having actual differences of elevation of 
a couple of hundred meters. It Is possible, 
however, to Imagine that a young ash layer, 
deposited on an old, more or less senile 
red soil, but much less pervious than the 
ash, would result In the formation of iron 
concretions. This would be especially true 
If a secondary water table occurs at the 
boundary between the red soil and the ash. 
Furthermore If a vegetation developed which 
had the effect of retarding the flow of 
water off over the surface, so that a large 
part penetrated down Into and entirely satu- 
rated the ash layer, then the Iron concre- 
tions would be more likely to form. Even 
though the surface layer as such did not 
become swampy, but still being saturated 
with water through the difference in per- 
viousness, the soli must have weathered 
more or less 3 ubaqueously--ln other words. 

It became gray, and In this case has re- 
mained gray. Now the forest Is gone and 
almost all of the land Is In paddy for 
which there is sufficient water. But, 
where the soil has been worked over, and 
Is aerated as a result of drainage. It 
tends toward a light brown color. The 
reader will at once understand ohe changes 
which bring this about. 


Besides a couple of Insignificant 
Tertiary hills we have now left for discus- 
sion only the coastal plains which have 
been built up by streams out of the material 
from the volcanoes and the volcanic com- 
plexes which we have already discussed. 

These plains differ, however, according to 
the nature of material, according to the 
time during which this was deposited, ac- 
ccordlng to the topographic position where 
the material came to rest, and upon Its 
position with reference to the ground water 
and the climate under which It came to rest. 
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thus the weathering form and the weathering 
stage. 

As a rule, since the greatest part 
of the plains referred to have an adequate 
slope, they drain well even in the rainy 
season, hut even so concave hits do occur 
here and there. Therefore they are marshy 
and show the effects of subaqueous weather- 
ing. These spots possess the least sand 
and the soil consists of heavy gray and 
grayish loam and clay, sometimes even hlack 
in the wet condition. 

At the elevation of Bangll the 
plain is hullt up out of products of the 
Ardjoeno and the Tengger. The higher lands 
which drain well are all hrown, running to 
brownish red. Since unweathered fine ash 
is mixed in with them, even these fine 
sandy reddish gray loams are light soils. 

In the east of Java this type of soil is 
called ’’tarapan. ” Unusually excellent 
examples are to he found in the surround- 
ings of Asemhagoes. The dark gray, lower 
lying clay, however, is heavy, hut slII] 
not so heavy as the black clay which cracks 
so strongly upon drying. This type occu- 
pies some weakly convex areas which have a 
gentle slope from the hinterland toward 
the coast. 

It is the same "black earth" which 
is also found on flat humps in the Brant as 
delta and also along the north coast of 
Western Central Java and in Solo and Madi- 
oen. The climate at Bangll also includes 
the same strong east monsoon. 

But now the question is: does one 
have here the same parent material? If so, 
then where has it come from? So we come to 
the hypothesis that the Ardjoeno and/or the 
Tengger in the very first beginning of vol- 
canic activity may perhaps have ejected 
andesitic rock with little dark minerals 
as hornblende and pyroxenes, and at the 
same time much colorless glass. The ex- 
istence of these rocks, however, has not 
yet been demonstrated. Moreover, farther 
eastwards there is found the same black 
earth, both in the plain of Probollnggo 
and still somewhat farther east, to the 
north from the Ijang. But there are no 
further occurrences, until in the plain to 
the south of the drainage basin of the 
Kali Setaii, close to Gradjegan. There is 
none in the great plain which extends from 


Loemadjang to Djember and Poeger. 

As long as neither geological 
nor soil map of any of this East Java 
region is available, we can only speculate 
as to how and why this black earth was 
formed. We cannot yet give an adequate and 
conclusive explanation for its formation- 

In each case the black earth is 
senile. Therefore its formation must have 
begun a long time ago. Thus there is no 
need to search for it on the juvenile ash 
in the neighborhood of volcanoes which are 
still active today. And if the efflatas 
are pronouncedly basic and rich in iron, 
such as those of the Lamongan and the Raoen, 
it would be particularly useless to look 
there. Thus there is no black earth in 
the Loemadjang, the Djember, or the Banjoe- 
wangl regions. Also the drainage basin 
of the Sampean has been covered over with 
Raoen efflatas, so that the black earth Is 
also lacking between Bondowoso and Sitoe- 
bondo and in the triangle north from Sitoe- 
bondo. It is true that in the southeastern 
part of Sltoebondo there is a very low, 
marshy tract with darker to almost black 
swamp soil, but this is an entirely differ- 
ent soil, still juvenile, sandy, and not 
nearly so heavy. Moreover this soil lies 
on a concave surface, while the true black 
earth always occupies convex surfaces. 

Gray to black, juvenile, even sandy swamp 
soil in concave positions is for example 
also found in the plain between Loemadjang 
and Poeger, where formerly the Besini Swamp 
was. At present these swamps for the great- 
er part have been drained and converted Into 
fertile cultivated fields. And so the gray 
color begins to change into a brown. 

The most senile, or better said the 
earliest and longest weathered, but still 
not quite weathered-out plains lands are 
found close to the volcanoes which have 
been inactive the longest, thus north and 
south from the Ijang, --localities into 
which only a minimum of fresh ash has been 
able to arrive from the younger volcanoes. 
Indeed quite brownish red to deep red soil 
types are to be found, with gray, heavy 
clay lands in the concave depressions be- 
tween them, especially on the southern side, 
where the rainfall la heavier. On the very 
dry northern side, south from Probollnggo, 
now and then soil profiles occur that are 


247 . See the general discuflelon relating to this black earth; pp. 164-170. 
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different from any others on Java. An 
example of this la as follows: Down through 
a dark grayish red layer of loose material 
a small stream has cut a narrow ravine to 
approximately 10 m. exposing a lava stream 
of basalt, showing a network of lime con- 
cretions lying on the basalt, while In the 
deeper part of the soil above It there Is 
but very little calcium carbonate and the 
surface soil has none at all. One can 
picture to himself how the west monsoon 
rains have robbed the higher lying loose 
material entirely of lime and converted the 
surface soli to red lixivium. But In the 
long. Intense dry season none of the cal- 
careous water could climb back up toward 
the surface. However, water cannot help 
evaporating out of the iron-rich loose soil, 
30 that the lime must precipitate. The 
lime concretion horizon, which elsewhere, 
in younger efflatas sometimes la even 
found at only l/2 m. here wanders gradually 
down to 10 m. depth and Is stopped there 
by the Impermeable basalt flow. During the 
course of a long time to come. In each west 
monsoon the rain water percolating down 
through will also again dissolve the deep 
lime concretions and via the streams the 
lime will be carried on out to the sea. 

CaCOa concretions are thus an intermediate 
phenomenon which, for example In the con- 
tinuously moist regions of Java, can never 
be found. Even here ultimately the soil 
will become a lime-poor, concretion-free, 
red lixivium. 

Everywhere else the soli Is more 
juvenile. The plain around Loemadjang Is a 
product of the young and very recent mud 
flows from the Smeroe. The plain of Djera- 
ber Is composed of similar materials from 
the Raoen. The southern part of the plain 
of Banjoewangl Is derived partially from 
those materials from the Raoen, but the 
more northerly part of the material Is from 
the Merapl. The plain of Asembagoes Is 
built up for the greater part by the Banjoe 
Putlh from efflatas It has carried out from 
Merapl, but that portion to the north of 
Pradjekan, however. Is of Raoen products, 
which one finds further along the Sampean 
as far as the delta, north from Sltoebondo. 
At the present time almost all these plains 
are well Irrigated. But If .the three great 
volcanic complexes of East Java were not so 


large and so high this would not be possible. 
As a consequence of this good water supply, 
the conditions for growth of rice and other 
crops (sugar cane) here In this sunny, dry 
climate are especially good. Definite evi- 
dence of the example appears clearly in 
the figures of yield of the paddles . 

The average product lon^^® of East 
Java (that Is to say, the districts of Ma- 
lang and Bondowoso) will not lie far from 
30.5 quintals per hectare, thus notably 
above the average for Java as a whole, 
which Is about 22 qu./ha. A few districts 
have an average even higher than 33 qu./ha. 
These are: 

Sltoebondo qu./ha. 

Ramblpoedjl 56.5 

Poeger 570 ” 

Gentoeng 56.8 ” 

Of these Sltoebondo has an extra- 
ordinarily dry climate. While the entire 
peninsula has 7 dry months with less than 
60 mm. rainfall as against 4 wet months 
with more than 100 mni., the annual rainfall, 
which falls In about 67 rainy days totals 
1,150 mm. In the 7 dry months during an 
average of 11 rainy days, about I70 mm. 
falls while In the very driest months In 
an average of two rainy days about 3^ mm. 

In certain years (for example 1929) not a 
drop fell In 7 months. The land lies low 
and the very juvenile soil, here and there 
decidedly sandy. Is adequately permeable. 
Thus because of the strong evaporation 
under continuous sunshine, conceivably 
favorable conditions prevail for the enrich- 
ment of the soli from the soil moisture and 
the Irrigation water. This Is reflected In 
the high yield of paddy. Also the cultiva- 
tion of sugar cane gives high quantities of 
cane and sugar. 

On the south of the Ramblpoedjl 
district Is the Poeger. It lies on the foot 
of the Ijang but even so the district has 
now and then received from the east (Raoen) 
and from the west ( Smeroe) ash rains which 
have rejuvenated the soil. Some soils have 
been covered over with slit from a. flood, 
while the older, farther weathered Ijang 
soil gives an adequate water capacity. 

Closer to the sea, In the Poeger district 
the slope of the land Is less, the ash Is 


248. Th... figursB hav» alao been taken from the repeatedly referred-to "Landbouwatlaa" (1926) . 
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finer and holds more water, which compen- 
sates for a lower content of Ijang weather- 
ing lixivium. The climate with a distinct 
hut moderate dry season, which becomes 
somewhat longer and drier the closer one 
approaches the coast at Poeger, Is at the 
same time favorable for good yields of 
paddy. It may be expected that In the 
near future the yields will not be less, 
for now the soil In general has a neutral 
to slightly alkaline reaction, while the 
optimum reaction for rice seems to be a 

^ P 4 9 

slight degree of alkalinity namely, 
from 6.8 to 7.9> thus just about the same 
as for sugar cane.^^° Tobacco, on the con- 
trary, prefers a weak acid reaction, a pH 
of 5 to 6^^^ and tea a soil even 10 times 
more acid, namely with a pH from 4 to 

Rubber Is similar to tea In this 
respect. Cinchona, on the contrary, 
prefers a pH of 5 *5 to while oil 

palms give the highest yields at about a 
neutral reaction. 

Since paddy (rice) Is planted un- 
interruptedly on brown and red lixivium 
(Vest Preanger) It Is quite generally be- 
lieved that rice prefers such soil types 
and these are all more or less acld,^^® 
thus It has been believed that Its optimum 
was on the acid side. The British Indian 
Investigators, however, obtained another 
result which seemed to Indicate the need 
for studying the question more closely for 
Javan soils and conditions particularly 
with reference to the questions of ferti- 
lization. 

Meanwhile for the sugar cane dis- 
tricts we can obtain approximate average 
pH values from the figures of Arrhenius, 
and If we then compare the average paddy 
yields for approximately the same locall- 


localltles, as given In the text of the 
Landbouw atlas, the following table (Table 
139) results: 

Table 159 


REACTION AND YIELD OF EASTERN JAVA RICE SOllB 


Group of Sugar Mills 

Approxi- 

mate 

average 

pH 

Approximate 
Average 
yield of 
paddy In 
quintals 
per hectare 

Besoekl 

7.6 

about 52.2 

Proboll nggo 

7.6 

” 29.5 

Sldoardjo 

7-6 

” 30.5 

Pasoeroean 

7.5 

” 28.7 

DJombang 

7.4 

" 50.5 

Modjokerto 

7.4 

" 27.8 

Kedlrl 

7-4 

” 27.8 

Tegal 

7.4 

" 26.9 

Madloen 

7.2 

" 20.0 

Cherlbon 

7.0 

" 20.9 

Jogjakarta 

6.9 

" 22.6 

Soerakarta 

6.9 

" 20.0 

Pekalongan 

6.9 

" IB.5 

Semarang 

6.8 

" 21.7 

Banjoemas 

6.6 

” 24.4 

Northern Coast of West Java 



(no sugar cane cultivation) 

5.9 

" 25.5 


From these figures (Table 139) 
there appears to be a close correlation, 
Indicating a trend In the same direction 
as do the results of the study by Singh and 
Mltra. If further research on Java does 
really establish the above provisional con- 
clusion, It Is obvious that It cannot have 
other than a significant Influence on the 


249. B. N. Singh and 0 . P. Mltra, Plant growth In relation to H-lon* changes In its medium, Ind. Jl. 

Agrlc. Sc. VII, 2 (1957); PP« 327-346; especially pp. 335-336 and 531 - 

250. 0 . Arrhenius, Qnderz. Zuurgr. sulk, gronden Java, Moded, Pr. st. J. S. Ind. No. 6 ( 1927 ); P» 210 . 

See also; p. %6 of this book. 

251. P. A. Rowaan, Onderz. Zuurgr. grond Dell tab. cult., Versl. 12 e Verged. Vereen. Pr. st. person. 
(1931), PP- 128-153 (1932); especially p. 150. 

252. P. M. Prlllwltz, Invl. veriad. toest. grond op groel Jonge thee; the same: verslag, pp. 154 - 139 , 
especially p. 156. 

255. A. Kortleve, Invol. bod. reaotle op ontw. hevea en ollepalmen; the same: Verslag, pp. 140 - 150 . 

254. P. P*n C. Spruit, Eenlge bljz. h. hooggel. grond. 1 . v. m. basentoeat., the same: Verslag, pp. 34 - 62 . 

255. See under note 253: pp. 151-I56. 

256. J. Th. White and H. J. Harden and H. J. to Rlele, System, zuurgr. bep. b. gronden v. Java, Versl. 

15 e Verg. Vereen. Pr. st. person. (Bultenzorg, 1933 ), PP- 21 - 44 , especially pp. 29 and 3I- 

257. Arrhenlufl, 1 . o .,«pp. 210 - 215 . 
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questions of irrigation and fertilization for irrigation, it must certainly bring 

of paddy. For example, on rice soils with along with it much fertility. Twenty years 

a pH less than 6 most probably one would ago I knew well that in the entire region 

not use acid N and P fertilizers. Con- south of Kredenan not a soul lived, except 

versely by preference one would use fer- those few men In Gradjegan, on the sea at 

tllizers with an acid residue on lands the end of the road to the south. Cogon, 

with a pH greater than 8, etc. wild cane, now and then some forest, 

In 3hort--from every point of view larger deer, tiger tracks, and peacocks, 

it is understandable why the plain between were all that one saw westwards to Lhe 
Ramblpoedjl and Poeger gives such high Kali Baroe and also northwards to the Gam- 

average yields of rice. brlan and Genteng. Ten years later, as 

Genteng, In the plain of Banjoe- shown by the topographic maps of 192^ and 

wangl, also has very high yields, although 1926, spreading out from the north there 

In many places the large amounts of gravel was a considerable distribution of villages 

must be quite a hindrance to the growth of which had come into existence south from the 

the roots. But this is lahar gravel from Kali Setail, but no further than that, 
the Raoen, supplemented with finer deposits According to Van der Veen,^^® in 

from the Kail Setail and other rivers; thus the region about Goenoeng Srawed, which is 
It Is very juvenile material. Besides that, in the northwestern part of the plain here 
the climate is very reliable, no heavy being ccnsldered, "the structure of the 

driving rains, but more gentle rains con- soil Is just like that of the Ijang soil." 

tinulng throughout almost the entire year. Subaerlally weathered the soil is a reddish 
With about 1,700 mm. of annual rainfall brown lixivium, apparently quite old. Sub- 

there Is but one average dry month, 4 aqueously weathered there is a "gray, heavy, 

months with between 60 and 100 mm. and 7 dlfficultly-pefmeable marsh clay. " The red- 

months with more than 100 mm. thus the dish brown soil Is suited to coffee and 

climate is "wet" (Kradenan). As a result rubber; and it is also adapted to all sorts 

the soil has become a sandy and gravelly of crops of the native Inhabitants. The 
tarapan. gray soil may be recognized as an "overwash 

Into this region apparently the of sandy Raoen soil." It should be easy 

Immigration of new inhabitants can still to make quite productive paddles on this 

continue for a long time to come in the soil. 

same way as It has gone on for the last This line of thought was apparently 

quarter century; the soil Is productive also that of the engineer in charge of the 

enough for that. In 1930 the density of Kali Baroe (later Banjoewangl) Section of 

the population was still scarcely 111 per- the Pekalen-Sarapean Irrigation Subdlvl- 
sons per km.^ It Is true that at that slon.^^® Repeatedly during a number of 

time In the south there were still exten- years the dams of the natives were repaired 

slve uninhabited tracts, but even if the by the Irrigation authorities, while in the 
entire population were collected onto the meantime test harvest cuttings of paddy^®^ 

northerly 40^^ of good. Irrigable tarapan had shown yields as high as 4;5.5, 6l, and 

soils, then the density of the population even more than 70 quintals per hectare dry 
would still be but about 277 which Is about paddy, with averages of between 31 and 42.5 
equal to that of the Rogodjambl, In which qu./ha. Naturally the Interest in this 

are included many uninhabited mountainous section Increased and the Irrigation Author- 

portions. It is also worthy of note that Itles prepared the plains for a large irrlga- 

tnore Inhabitants do not live along the ‘tlon scheme most of which was put into ex- 

lower course of the Kali Baroe. Since this ecutlon in the years 1935-1936.^® When 
river also comes from the Raoen, where it one reads In the series of reports of the 

flows over the land, or the water Is used Irrigation subdivision, how from year to 

238 . R. van der Veen, 1. 0 . , pp. 27-28. 

239 . The Agricultural Extension Service, posslhly thi'ough lack of personnel, has never given any atten- 
tion to either west Genteng or South Genteng (eee their Jaarverelagon 1917“1936). 

260. Jaarverel. Prov. Oost-Java (1929), P- 310* 

261 . Jaarverel. Prov. Oost-Java 4958), pp- 159-140. 
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year new inhabitants settle and make earlier shallow arm of the sea between 

paddles, there is no reason to doubt the Java and Blambangan, then this must have 

success of the South Banjoewangl Irrlga- disappeared through an equal or an unequal 

tlon on soils rejuvenated by the Raoen elevation of the land. In the east there 

deposits. was but little change but in the west the 

But the eastern part of the plain elevation must have been as much as 100 m. 

is one great body of "black earth," which or more. The black earth would then de- 

the reader, after Soerakarta and Madloen, velop as the coastal vegetation gradually 

will recognize as a heavy, black clay, won land from the sea, thus in coastal 

deeply cracking upon drying, with iron marshes, as a subaqueous soil formation, 

concretions in the form of hall ore. Here, going over into an ajnphlblan soil, and 
however, there are no concretions. The finally becoming dry swamp clay. But then 

terrain slopes slightly from the northwest in the deep profiles also, as at Djoewana, 
toward the southeast and for the most part one would certainly come upon layers with 
lies between 25 and 75 m* above sea level, shells and perhaps coastal peat. But of 
but a small part in the west is as high such things nothing is really known. Put- 

as 100 m. and more. Whether toward the ting it briefly, without thorough Investl- 

east it goes much lower than the 25 m. gat ion in the field a conclusive answer to 

contour line, I have not myself seen, nor the above questions cannot be given, 

have I found anything concerning this in There is one practical point which 

the literature. It is a region older than here deserves to be mentioned. The black 

the low Banjoewangl triangle north of it, earth here as everywhere else, is extremely 

for otherwise the Kali Setall would not poor in phosphorus. Irrigation water from 

have run and bent toward the east. But how the Kali Baroe and the Kali Setall brought 

did this region originate? How did this onto this soil must Indeed be very rich in 

black earth come about? that element, and decent yields of rice 

If we think of a formation above should be obtained on this soil, otherwise 
the level of the sea, developed from the it will.be necessary to apply Intensive P 
iron-poor material, as in East Central Java fertilization and very probably also fer- 
then there is not a single indication that tlllzatlon with N. There are certainly 
this soil originated from pale, iron-poor "natural" reasons why on the densely popu- 
tuffs. Besides the climate in the east lated Island of Java down to today this 

monsoon is certainly not dry enough to great region still lies as good as unln- 

form such a soil and one should have to habited. 

accept that earlier, at the time of the Regarding the Blambangan region, 

forming of the black earth, a climate had Junghuhn^® supposed that two centuries 
prevailed with a distinct annual dry season ago the entire flat land, from the present 
of at least 5 months. If one supposes that day Banjoewangl southwards to the limestone 
this soil was formed from marls, it is nec- mountains on the coast.... was covered with 
essary to postulate an earlier extensive paddies. For the part as far as to about 

marl formation in this place, a formation the Kali Setall I can easily believe that 

which subsequently has totally disappeared, that could have been the case, but concern- 
Only at Gradjagan are the easterly remains ing the great flat black earth plain, I can 

of the Southern Mountains consisting of hardly believe that it ever was In paddles, 

andesitic breccias still "covered by a There was no Irrigation water on that higher 

sandy white marl lime."^®^ Other than terrain, hence any paddies there would have 

that, the nearest thing to a marl which can had to depend upon the rain alone. With 
be found is only limestone (on Blambangan, the great deficiency of P in that black 
for example), which would be much more earth it la not difficult to imagine the 

likely to give rise to the formation of very low yields which could be expected 

limestone red earth. If we agree with from such paddies. 

Verbeek's^®^ third point and think of an Moreover, Junghuhnsaw the entire 

Verteek and Fonnema, 1. c . , p. 60. 

263. Verteek and Fennema, 1. c . , p. 62. 

26k. F. Junghuhn, Java, 20 dr., I (l855)^ P» 211. 
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plain only after the disappearance of the 
Inhabitants, when It had been recaptured 
by "the majestic forest, which had over- 
whelmed one acre after another," etc. 
Neither In this can I agree with Junghuhn's 
power of Imagination. While It Is very 
likely that on the colluvia and alluvia 
of the Raoen a luxuriant secondary tropical 
high forest grew up, It Is hardly likely 
on the black earth which Is several meters 
thick. It Is much more probable that two 
centuries ago, and even some centuries 
earlier the same condition of a grass 
plain prevailed with occasional groups of 
poor, small trees, such as Is the case 
today. At most one might suppose that at 
one time the small clumps of trees were 
somewhat larger and higher, but not even 
in a thousand years would tropical high 
forest, like that In the lowland north of 
the K. Setall grow up here. Only western 
technic with Irrigation water from regions 
of juvenile soils can rejuvenate the soil 
and make the land fertile. 




MADOERA 

According to Its nature, the Island 
of Madoera belongs with the northern part 
of Eastern Central Java. Like this part 
of Java It is composed of Neogene rocks, 
marls and limestones, while volcanic ac- 
tivity Is entirely lacking. 

Northern and southern calcareous 
ridges can be differentiated, between 
which, coming In from the east, a wedge- 
shaped calcareous ridge penetrates. This 
central ridge both at about Pamekasan, and 
again somewhat west from Soemenep, divides 
into two ridges so that, for example, a 
profile north and south across Pamekasan 
crosses ^ calcareous ridges. These ridges 
are not all alike In composition of the 
limestones. Especially does the most 
northerly material diverge In that It 
possesses a considerable content of -sand, 
mostly quartz sand, but also grains of 
orthoclase, plagloclase, tourmaline, zir- 
con, and other minerals originating from 
old massive rocks, presumably granite. It 


Is of precisely the same composition as 
the northern limestone ridge in Soerabaja 
and Rembang (cf. pages 6^5, 6^6). More 
southerly ridges do not show this coarse 
quartz sand. The farther south one goes, 
there Is first more fine grained quartz, 
thereafter more minerals of young volcanic 
nature, plagloclase, hornblende, pyroxene, 
and magnetite. Even pale and dark colored 
glass can be seen.^®'’ Except for a small 
proportion of remains of a calcareous 
algae (Llthothamnium) the lime of all the 
limestones Is present In the form of remains 
of various kinds of Foramlnlfera. There 
has never been any mention of material from 
coral. 

According to the map of Verbeek and 
Fennema the region of the marls lies between 
the northern and the second or third calcar- 
eous ridges. But since it Is said of these 
rocks that "upon dissolving in HCl they give 
a residue, which can amount to from 40 to 
60^, and consists for the greater part of 
andesite grains," the use here of the term 
"marls" Is hardly correct. Materials such 
as those occurring here are more properly 
fine sandy or tuffaceous limestones. They 
are, however, marly In that through weath- 
ering these admixtures can give rise to a 
quantity of clay, and this is certainly 
Important . 

But as related to the largest part 
of Madoera, the soli on all these rocks Is 
formed under a climate which has a very 
dry east monsoon In addition to a short, 
quite strong rainy season. Where, as on 
the northern calcareous ridge, the rock as 
well as the soli from that rock Is quite 
pervious. It must certainly form red lixi- 
vium and because of the large content of 
quartz sand, the lixivium must be sandy, 
pale red or red. But where, as on the so- 
called marls, even already before all lime 
was leached out, heavy clay had formed 
through weathering, and thus the pervious - 
ness had been reduced. Conditions came 
about such that grayish black marly clay 
developed. But In the soil profile the 
subsoil Is many times still a grayish 
yellow. In the second and third ridges, 
which is a transition region, besides a 
decrease both In quantity and grain size 
of the quartz, more and more fine ande- 
sitic, clay-producing minerals may be noted. 


Cf.: Verbeek and Fennema, 1. c ., p. 52. 
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As a result because of the presence of that 
fine, unveatherable quartz dust the grayish 
black clay In the north Is also more fine 
sandy and loamy. In the south this Is 
less the case. Just as does the ridge of 
Pengantenan, here and there the most 
southerly calcareous ridge also carries 
brownish red lixivium. The rock there 
apparently possesses adequate andesitic, 
Iron-rich accessory materials to produce 
pervious soli. 

All these accessory substances, 
espclally the quartz sand and quartz dust, 
make the soli very erosive; erosion by 
water In the rainy season, dry erosion 
(dry wash, when dry winds blow) In the 
dry season*. Thus, In spite of the small 
total annual rainfall the erosion Is heavy; 
especially now that the entire Island has 
been deforested. But from ancient times 
the products of erosion have formed plains 
between the ridges, and also along the 
coast In the oast and west. 

Where these plains are sandy ana 
lie high enough to be subjected to sub- 
aerlal weathering, the soils are pale yel- 
low to chamois colored. Where they are 
free from sand, and must be called heavy 
loam or clay which, moreover, still lies 
under subaqueous conditions, the color is 
gray to grayish. Between these two soils 
groups one naturally finds all sorts of 
transitional forms. 

Above we have already mentioned 
the very dry east monsoon. This Is just 
as strong as at many points on the northern 
coast of East Java, but Is much more fatal 
for the soil and the vegetation of Madoera, 
since here no high mountains stand In the 
back country to supply ground water and 
Irrigation water which could make up for 
the deficiency. Just stop and think what 
It means If, for example. In 8 months but 
a few mm. of rain falls In a few little 
showers of at most 2 mm. each. This mois- 
ture naturally cannot penetrate Into the 
soil to any significant depth before It Is 
all evaporated. A permanent vegetation 
cannot exist on that, unless either the 
vegetation, such as cacti and some palms 
(see Fig. 255, page 691 ), has practically 
no transpiration; or loses Its leaves (see 
Fig. 256, page 691) such as wodler ( Lannea 


grandls ) and teak. Vegetation might exist 
If the soli Is provided with water from 
underground from some hills In the region, 
or possesses a very great water capacity 
and water-supplying power. 

Madoera may certainly Indeed be 
called an Ideal region for observations 
and experiments relating to the water sup - 
plying capacity of soils, since this phe- 
nomenon Is here so extremely Important. 

This differs for each kind of plant. Here 
I call attention to maize (corn), which is 
such an Important food crop for Madoera. 
Maize Is no xerophyte, and is very differ- 
ent from cacti. It Is also different from 
teak, as maize does not drop Its leaves In 
the dry season, and If the especial clrcum- 
stancGs of subterranlan water flow or Irri- 
gation fall, then the maize must live on 
the water which the soli can give it, 
within the range of Its roots. As has al- 
ready been mentioned on pages 611 and 
this supply depends upon l3t--the available- 
quantity of water, and 2nd--the rapidity 
of delivery to the roots where these take 
It up. As to (1) It may be remarked that 
the determination of the quantity Is stll! 
not so simple. In order to make a begin- 
ning let us note some of the practical con- 
siderations In this matter. 

At a given point In the soli pro- 
file the maximum water capacity M Is the 
quantity of water which the soli there 
contains at the end of the rainy season, 
shortly after a heavy shower of rain. If 
the roots take the water away, then a point 
Is gradually reached at which the ot 

the soli has risen to about 4.2 (correspond- 
ing to about 16 atmospheres "suction force"; 
and the roots cannot obtain any more water. 
This point Is called the wilting point W. 
Now this point lies distinctly higher than 
the hygroscoplclty, which Is the water con- 
tent to which the soli dries out when ex- 
posed to the air, even with a quite high 
relative humidity of the air. But the roots 
cannot obtain this water. (M-W) Is thus the 
greatest quantity of water In the soli avail 
able for the plant. But even this Is not 
very definite, because M and W differ from 
horizon to horizon In the soli, and even 
within a single somewhat thicker horizon- 
So It will be necessary to determine, say 


266. R. K. Schofield, The pF of tho water In the bo.1L, Transact. Intern. Congr. Soil Sc. Oxford 
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Fig. 235. A 
flabelllfera ) 


Photo by L. P. de Busey 

Madoara landooape with many palmyra palms (Boraseus 
on the Elope of one of the llmeetone rldgel 



Photo by L. P. do Bussy 

Fig. 256. Cart road In Madoera lined with wodler (Lannoa grandls) 

In the dj-y season, this tree loses Its leaves, as d^s the teak. 
Moreover the truiiks are quite fire reGlstant. D>n-l,v? the dry season 
these cultivated fields lie fallow. 
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for each decimeter from the surface down- 
wards to the depth to which the maize 
roots reach, the amount (M-W), and the 
total amounts in order to arrive at the 
quantity of water "available" in a certain 
column of soil. 

Now considering the plant, one 
must roughly know the quantity of moisture 
(v) which maize will transpire in the 
course of its development to and with the 
ripening of the ears. And at the same time 
one must know the extension of its root 
system in the soil. Thereafter it can be 
seen whether V is larger or smaller than 
the quantity of water present in the 
soil within the radius to which the roots 
extend. If V is larger, in practice it 
works out to this, that the plant must re- 
main retarded, more or less dwarfed in its 
development. 

Finally, we must -not neglect to 
mention something about (2) above. If the 
perviousness of the soil, especially in the 
deeper horizons, is poor, the roots of the 
maize can locally rapidly reach the point 
W, while but a little distance away the 
water content is still quite a good deal 
higher. If in a weak clay, for example, 
the roots can grow rapidly to that place, 
then the growth stagnation of the plant is 
still to be avoided. In heavy loam, how- 
ever, it is very difficult for the roots 
to grow enough to reach the moisture. 

It is not within the scope of this 
book to go farther into the related prob- 
lems of plant physiology and agricultural 
science and experiments. I but just touch 
upon them here, since Madoera, excepting 
perhaps the northwestern corner, is an 
Island poor in rain, with the northern 
coast even very poor in rain, and frequent- 
ly with rainless periods of many months. 
There we may expect that in spite of lack 
of plant nutrient materials, as N and P, 
in many cases water is still more severely 
in the minimum. The many experiments^ 
undertaken with N and P fertilizers 
show this clearly; although these experi- 
ments by preferenae have been undertaken 
in those parts of Madoera, which are 
relatively the least subject to drought. 
Even so because of direct or indirect lack 


of water, a high percentage of these 
experiments do not come out successfully, 
or are harmed. Moreover, most of these ex- 
periments were on paddy; a far smaller number 
were experiments on such crops as cassava 
and but seldom were experiments carried out 
upon maize, the most Important crop for it 
occupies approximately 70 ^ of the entire 
cultivated area 

Apart from -all agricultural con- 
siderations, it seems to me that the dis- 
cussion above regarding the water supplying 
power of a soil is of value in connection 
with the "natural" vegetation of a region 
such as Madoera. In a soil well supplied 
with moisture, plants and trees form a 
forest and the roots meet each other and 
even grow intertwined with each other; 
they cannot do this in a very diy soil, 
for each tree is forced to use a larger 
network of roots to draw the necessary 
water from a greater root radius. It is 
of course true that there are trees, such 
as teak, which with an 8OO mm. rainfall, 
or better said, with water taken in by the 
ground from an 800 mm. annual rainfall, can 
continue to form a "forest." These forests, 
however, lose their leaves in the dry sea- 
son, (monsoon forest). But, if the total 
annual rainfall is only about 500 to 6 OO mm. 
which usually comes in quite strong showers, 
as much as about 200 ram. runs off over the 
surface, so that the land receives but 
about 400 mm. Therefore each tree will 
need at least 2 times as great an area of 
ground for its moisture needs. So the Idea 
logically arises to call such a condition 
a tree savanna and, if it is cultivated 
land, park landscape (see Pig. 257, page 
695). If it is a region of still less 
rain it will be a treeless savanna, even 
without the agency of man, who bums bare 
the forests and plains and converts them 
into cogonals. In east Timor, with a vege- 
tation as shown in Pig. IO 6 , page 271, there 
is not much left to burn. 




267. Cf.: JaarrerBl. roorl. dlenBt; the seoe In Afd. Landtouw; the same in Prov. 

1937) ^Verelagen hetr. bemeBtlngBproeven van het Landb. Inst, van het Alg. Pr. Bt. v/ 

1937). 
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1 voted U would have only a park landscape. 


except^for^th^^rtf^r island of Kan^ean, and there I3 n 
salt nans isti’lcta with the large la there 1 

notwlthatandr"’^^ Boender, and Tordjoen, but health 
awalii? Jr a ® <^°ntlnuoua struggle somewhat n 

gainst the drought, approximately 80^? of from the a 

and^'orrh^ '^fi^ic.ltural possible. ' 

Planted fo ? ^erlcultural land '10% u requires m, 

' 3 qufntal Ity Of per- 

vieir«r shelled maize, a shore (javf 

glon the lowest of Java, m Kedlri a yield page b/o) . 

in loelllt f obtained, while other lines 

in Soerakarta an average of as much as Increasing 

avpr>o usual. Java as a whole the use of 

yield^of M ‘io./ha., thus 2.‘.) times the rational fe 

clPflT.1 These figures show very come back t 

tlve il Madoera is a far from produc- last-mentlo 
ttvel exclude the rela- If water Is 

son ^ Kangean, more than 4oo per- however, as 

manv on Madoera, whlcli I3 too Government'' 

Thor ° exclusively by agriculture. tensive defi 

ere four economic factors which seem liut the norn 

269' fodder, maize (corn) stnlko play :iii Important role. 

W. Batten, Mem. v. Overg. Res. Madoera, (Dec. 19?l), p. 21. 


to make this possible: (1) Animal husbandry. 

specially in the drier oast, oven though 
tiiere l3 not much pasture land, and what 
is there is poor.^®® The cattle are thin 
but healthy. (2) Fruit raising in the ’ 
somewhat more moist west, from which, as 
from the animal industry, export I3 
possible. (^) The salt Industry, which 
requires much labor, and (4) The possibil- 
ity of periodical emigration to the opposite 
shore (Java) in order to work and lay some- 
thin^g by or only to seek food supplies (see 
page Obo), Enlargement of opportunity alone 
other lines is, however, also possible by 
Increasing the yields of rice and maize,' by 
the use of higher yleldln^r sorts and by 
rational fertilizing. 3ut-ln order to 
come back to the point of departure--the 
last-mentioned factor can only be successful 
11 water Is not In the minimum. So long 
however, as It still can be said by tl’e 
Government''"^ that as a result of the ox- 
tonalvo deforestation the floods are high, 
but the normal discharge of the rivers low, 
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the rainfall Is not benefit ting the land 
as much as It might. Perhaps still more 
water can be stored In ponds; perhaps It 
is also possible to plant^*^® certain kinds 
of trees on the lands not used for agricul- 
ture, trees which are adapted to withstand 
the dry season and at the same time to 
hold up water and soil. With these plant- 
ings it Is also possible to satisfy other 
needs (firewood, cattle fodder). 

In each case Madoera, as to its 
’’natural springs of assistance,” Is quite 


close to the extreme limit of production, 
and thus ripe, perhaps riper than any other 
region In the Netherlands Indies for all 
sorts of "artificial means of assistance" 
for the Improvement of the conditions of 
life of Its Inhabitants. Means of doing 
this would be such as receiving commercial 
fertilizer in exchange for the products of 
agriculture, or shipping, or Industry. 


270 . Cf.: Verel. Landb. voorl. dlenat ( 1917 ); PP* 104-105. 
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Abaca, poselbllltleo of, 3?1 
Abearoklto, amlyola of, 38 
Absorption complex, degree of satu- 
ration of. In Cinchona eoila, 

602 

-- -- in the soil, importance of 
measuring, 637 
-- -- unsaturatod, ^13 
-- great power of montmorlllonltc 
materials, 6^5 

-- increased by sea water satura- 
tion, 621 

--'of gases by soil, 66 
Absorptive capacity for bases, var- 
iation with time, 526 
-- -- large In soils from basic 
tuffs, 528 

-- power high of marine clay miner- 
als, 561 

--weathering complex, not saturated 
with bases, 509 

Acacia leucophloea, 156,165,27^ 

-- tomentoaa, I65 
Acacias, 270,300 

Acid, carbonic, concenti’abed in the 
weathering liquid, 9( 

-- -- in water, effects of 526 
-- humic, effects of, 80,526 
-- hydrochloric, in crater water, 

60,668 

-- motaelllclc, 8,5 

- silicic, 8,78,79 

-- -- from feldspars, 82 

-- -- lost during kaolin formation, 

78 

-- -- soluble, 80,90 
-- sulfuric, in crater water, 80 
-- -- in water, effects of, 526 
-- titanic, a weathering product, 

8,86,87 

-- water killed ])addy, 

-- -- produces kaolin, 526 
Acidic and basic eruptlveo con- 
trasted, 515 

-- -- rocks, differences for soil 
formation of, 63^4 
-- ash sorted from andesitic erup- 
tion, 633 

-- compact lavas not found, 557 
-- efflatas, great quantities of, 

521 

-- effualvea, composition of, 519 
-- eruptions, eruption point sel- 
dom found, 515 


Acidic eruptlves, 38^,Jil8 
-- -- iron poor, 3OI 
-- -- yellow clay on, 300 
-- Iron-poor volcanic ash, erosion 
of, 600 
-- rocks, 17 
-- -- analyses of, 20 
-- — low in iron, soils from, 509 
- tuff, 522,552 
-- -- river water from, 5^9 
-- -- talang, 55^ 

-- -- talang-llkc region, 553 
-- -- droughty soils on, 531 
-- -- low productivity of, 531 
-- tuffs, river from, has poor wa- 
ter, 53^ 

-- -- unutilized, 533 
-- volcanic rocks, I8 
-- -- predominate in Soomba, 2^9 
Acidity, degree of, of weathering 
waters, 73,112 

-- degrees of, functions of the 
colloidal constituents, 528 
-- hydrolltlc, it 14 
-- hlglier of soils low in iron, 
and more senile, 509 
-- increases with senility, 528 
-- retarded by presence of bases 
bases from sea water, 58I 
Acldold pai't of clay, 77 
Actlnollte schists, profiles 
developing on, 525 
Actlnomycotes, conditions for ac- 
tivity, 106 
-- In the soil, 98 
Adobe soil, 2l8 

Adsorption of gases on solid soil 
particles, 70 
Aeglrleri augltee, 66I 
Aeolian ash deposits, 431,677 
-- -- imperviousness of, 639 
Aeration and mineralization of 
organic matter, 113 
-- good, 483 

Afforestation progress varies with 
the soil, 630 
Afapoellng, 122,132 
Age of soil, importance of, 598 
Agglomerates, soils from, 429 
Aggregates of soil, assisted by 
lime, 359 

Agricultural Extension Service, 687 
Agriculture, native, of Sumatra's 
east Coast, 491 


Agrogeologlcal map, 471 
Air and water relationships, import- 
ance of, 702 

-- absorbed, affecting wotablllty 
of soil, 123 
-- alluvium, 189 
-- capacity, 67 

-- -- Improved by young ash, 67O 
-- -- restoration of by long fallow, 

474 

-- colluviium, 189 
-- effect of on weathering, II8 
-- in the noil, 67--'/'0 
-- — and weathering, 142 
-- presence or absence of, affects 
soil color, 585 

-- pressure 1 ji the soil affects in- 
filtration, 124 
-- quantities in the soli, 60 
-- separation for ash, not effec- 
tive, 495 

-- -- of volcanic ash, 633 
-- soil, movements caused by water 
movements, 63 

Aier hi tarn, (brown water of swamps), 

73,98,'<10,539,5V^552 
Alblte, 19,75,83,283 
-- resistant in sea water, 82 
Albizzia atlpulata, 65I 
Aleurites moluccana, 227 
Alfcers, 312 

Algae in organic matter transforma- 
tions, 107 
-- in the soil, 98 

Alkali carbonized organic matter, 468 
-- rhyolite, analysis of, 20 
-- trachyte, analysis of, 20 
Alkalies, adsorbed, leaching of, 79 
-- more in ash farther from crater, 

560 

-- Raoen ash poor in, 560 

-- rocks richer in, 369 

Alkaline reaction from grass burning, 

675 

-- waters, effects of, 02,527 
Allochthonous materials, 264 
-- -- submerged in Borneo, 387 
-- soil formations, 178,190,383 
-- -- from liparltlc material, 

457, W 

-- soils, 186,294,295,338-9,350-2 
-- -- change to autochthonous, 470 
-- -- clayey from basic materials, 

366 
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Allochthonous soils from marls, 362 
Allophane, l60 

Alluvia, chai*acterlstic river, 503 
Alluvial deposits much mixed, 6^8 
-- materials deposited in plains, 

658 

-- plains of the Brantas, 663 
— New Guinea, 275,276 
-- — western Atjeh, hk2 
-- soils, Atjeh, hroad groups of, 
kkl 

— — tetter than residue on hills, 

367 

-- — comparisons of, 665 
Alluvium, 10 
-- air, 189 

-- character of, determined hy 
parent rocks, 4Ul 
-- classification of, I87 
-- clayey, less Juvenile, 664 
-- Dell, analyses of, 484 
-- fine textured, 302 
-- mlneralogical character of, 

105 

-- of coasted plain, Batavia, 58O 
-- rejuvenation of, 284 
-- river, 290 

-- senile and Infertile, 441,442 
Alternating water movement In 
profile, U6,468 
-- weathering, 154 

— 6und black soils, 155 
-- -- of Intermediate tuff, 
results of, 5^ 

-- -- of Impervious soil gives 
black color, 634 

Alternation of wet and dry seasons, 
effect on creep, 407 
Altitude limits of black earths, 

268 

— relation to soil color and 
humus, 467 

-- see also Elevation 
Alumina, 359 

--an index of weather!^ 
changes In rocks, 559 
-- content of rocks, range In, 

557,518 

-- free, as a residue In leaching, 
144 

-- from calcium feldspars, 80,8l 

— In ”lron” concretions, 544 

-- lowered solubility In more acid 
media, 82 
Aluminum, 7 

-- content of intermediate rocks, 

521 

--In acid effuslves, 519 
-- hydroxide, affecting floccula- 
tion of colloids, 131 


Aluminum hydroxide, colloidal, 358 

— — dehydrated, from calcium 
feldspars, 00 

-- — development of, 90 

— — fixation of phosphorus by, 

87 

residue from feldspars, 8l 

-- -- residue from pyroxenes, 346 
-- oxide, 8 

leaching of, 4o8 

— — not leached from the soil, 

342 

— oxyhydrate, 78 

— — conditions for movement of, 

145 

-- oxyhydrates of laterite crust I5L 
-- oxyhydrate, precipitation, 152 

— Baoen ash poor In, 56O 

— remains during weathering, 559 
-- sulfate from leaching by crater 

water, 80 

Amebae In the soil, 98 
Amines in liquid manure, 413 
Amino acids In the soil organic 
matter, IO5 
Amino -amide, 110 
Ammonia adsorbed by soils, 'JO 
--In liquid manure, 413 
-- In rain water, 72 
Anmonlum, measurement of. In absorp- 
tion coiiq)lex, 637 
-- chloride from fumeroles. Ball, 

205 

— -- in magmas, 23 

-- salts as fertilizers, 110 
-- sulfate, 413 

— — effect on paddy, 443,503-4 

— — on tea, 596 

-- — on tobacco, effects of, 659 
-- — on upland rice, 577 

— — a successful supplement to 
farmyard manure, 629 

Amnophoe on pad^, 504 
Amphibian character of paddy soils 

580 

-- conditions for Nlpa and sago, 

445 

— — from low iron content, 

350-500 

— — general In Borneo soils, 307, 

398 

— — New Guinea, 284 

— — ‘Increase mobility of Iron, 

408 

— — Iron movement In soil under, 

374 

— gray soils, 537 

— grayish lixivia, 619 

— soils, clays which resemble, 

498 


Amphibian soils shifted to make up- 
land and subaqueous, 62 h 

— -- thru draining, 317 

— weathering, 164,282,338,608 

— -- characteristics of, I60 

— -- conditions, 119,147 

— -- of Inqpervious soil gives 
black color, 634 

-- -- of sediments, I88 

— -- conditions on mountains, 

300,301 

Aii5)hiblouely weathered soils, 327,3^30 
Amphlbole, 17,19,28,40,70,76,86,283, 

353,355,453,558 

— andesites, 213 
-- crystals, 66I 

-- crystallization of, 88 
-- daclte, analysis of, 20 
-- gives better soils, 350,352 
-- hypersthene andesites, 669 
-- Important In Timor, 26O 
--In limestone, 174 
--In volcanic ash, 633 
-- pyroxene andesite, analysis 
of, 521 

-- schists, 515 

-- schists, profiles developed on, 

525 

-- weathering of, 85,408 
Amphlboles, weathering during trans- 
port, 394 

Amphlbole, weathering products of, 

390 

Amphibolite, 515 

Amphibolites, profiles developed on, 

525 

— silt from, 350 
jAmphibolltes weather of, 35O 
Analyses, chemical, for phosphorus, 

649 

— -- give no significant conclu- 
sions, 484 

-- -- of rocks, 13 

-- -- of rocks needed, 449,666 

-- -- of volcanic rocks, 632 

— -- need of, of separate minerals, 

451 

— Inadequacy of many earlier, 46l 

— laboratory, limitations ofy 

474 

-- -- misleading results of, l48 

— mlneralogical, needed of rocks, 

449 

--of Celebes soils, 325 

— of mineral profiles, lncoii5)lete, 

392 

--of Plutonic rocks, 15 
--of rooks, value of, 598 

— -- volcanic/ unweathered and 
weathered, 559 
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Analyses of a single Intrusion, 518 

— of soils, limitations of, 6ll 
--of volcanic ash, 559 

--of whole profile Important, 489 

— petrographlcal, of volcanic 
rocks, 632 

Analysis, spectral, for trace ele- 
ments, 475 
Anauxlte, 77 

Andaluslte, in 5 )uritie 8 in lime- 
stone, 655 

Andesite, 246,260,275,309,355,369, 
370,417,418,419,420,427,449,456, 
464,495,517,525,592,597 

— and suhaerlal lixivia, 588 

— analyses of, 28,646 

— "basic, 429,436 

-- hlotlte homhlende, 449 
-- brownish red lixivium 
residual from, 429 
-- composition of, 13 
-- diversity of soil types developed 
from, 567 

-- effect on well water reaction of, 

74 

-- exfoliation of, 366 
-- gives more kaolin than montmorll- 
lonlte, 527 
-- hornblende, 428 

-- hypersthene-containlng augite, 218 
-- less Important, 666 
Andeslte-llke ash far from crater, 

633 

-- minerals from, 655 
old, 368 , 516 , 517,526 
-- -- old, agriculture successful on, 

535 

-- -- old, parent rock of poor 
soils, 531 
-- predominant, 575 
-- pyroxene, 2l8 
-- reddish brown to chocolate 
colored soil from, 431 
-- soils weathering from, 528 

— subsoil from, Krakatau ash on, 

529 

-- trldymltlc, analysis of, 22 
-- uncommon, 595 
-- weathered, 86 

weathering with much water, 

92 

-- white, weathered, 501 
Andesites and basalts more impor- 
tant In volcano building, 515 
-- distribution radius of, from 
eruption point, 517 

- diverse, Soembawa, 222 

- Intermediate, erupted In great 
quantities, 666 

- Intermediate soli from, 536 


Andesites, more fertile soils from, 

390 

— phosphorus content moderate of, 
382 

-- quartz -free, 449 

— soils from, 318,339 
-- solubility of, 75 

-- weathering conditions of, 

527 

Andesitic ash, 463 

— — layers, Juvenile, favorable 
for cocos, 513 

-- -- weathering of, 89-92 
-- breccias, 606,6l8,688 
-- deposits, recent, 64l 
-- dust soils, brown, 64l 

— efflatas, 647 

— ejecta, 612,684 

-- gravel In volcanic ash, 633 

— Kloet efflatas, sorting of 
by river action, 635 

-- lahars, concentration of 
tobacco on, 477 

-- -- preferred by tobacco, 474 
-- — soils from, 487 

— laterlte soil, 64l 

-- magma, differentiated In the 
atmosphere, 635 
-- -- lava streams from, 643 
-- materials determine soil char- 
acter, 595 

-- -- red lixivium on, 652 
-- mountain, deforested, 653 

lixivium, 460 

-- mountains, 290 
-- parent materials, 6o4 
-- residue in marl, 689 
-- rock, 316 , 343,668 

— sand, 470,570 

-- -- weathering of. In dunes, 

624 

-- sandstones, 626 
-- soils, analyses of, 484 
-- — export crops concentrated 
on, 553 

— tuff, 427,451 

-- -- gray earth, 64l 

lixivium, 537 

-- volcanoes, 516,553 
Andesito-daclte, soils on, 469 
Andir land, 612,641 
Andropogon contorsum, 216,234 
Anlmsil husbandry, 693 
Anorthito, 23,75,78 

— weathering of, 80 

Ants break down organic matter, IO 8 
Apatite, 16 , 20 , 94,283 
-- analysis of, l4 

— crystallization of, 88 

— detection of, 13 


Apatite In volcanic ash, 24 

— Inclusions of. In mica, 66 I 

-- need of determination of amount 
of 451 

-- weathering of, 87 

Apllte granite, analysis of, I 6 

Aplltic micro-granite, analyols of, 

17 

Acreca catechu, 273,274 

Areca nuts, cultivation in Atjeh, 

443 , 444,445 

hlfi^i quality, 313 

Aren palms, 273,534 
Arenga pinnata, 242,273,313,319,445 
-- saccharlfera, Flores, 239 
Argon in soil atmosphere, 69 
Arid soil conditions, limits of, 

60 

-- soils, rain factor for, 48 
Artesian well water containing humus 
73.82 

-- -- reaction of, 74 
Asbestos, 76 

Ascending water movement in profile, 

116 

Ascent of soil moisture thru plant 
roots, 64 

Ash see also Volcanic ash 
-- accumulation in depressions, 530 
-- acidic, weathering to black soil, 

165 

-- additions to limestone soils, 374 
-- aeollan deposits of, 431 
-- aerial sorting of, 646 
-- analyses of, 33,646 
-- andesitic, 463 
-- -- far from crater, 633 
-- -- weathering of, 89-92 
-- basaltic, glass of the, 29 

— -- near crater, 633 
-- basic, Krakatau, 2'J 

-- -- effect on reaction of water, 

73 

-- -- weathering of, l 62 ; summary 
of profiles from, 

-- cementing of, does not reduce 
fertility, 436 

-- coarse and finer, loose, 676 
-- color varies with distance from 
crater, 633 

— coii 5 )oaltlor of, changes during 
eruption period, 212 

— composition related to grain 
size, 633 

— dacltlc, 463 

-- dark colored, 668,678 
-- deposits, aerial, 64l 
-- distribution and weathering 
on Ball, 199 

-- erosion from land auface Soembawa 
220 
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Aeh, erosion of, in Batak lands. 

44? 

-- effect of distance upon com- 
position, 560 
-- eruptions, mighty, 578 
-- — posslhllltles of differ- 
entiating crop response of, 46^ 

-- fertile, lnqprovement of soils by, 

5‘>7 

— fine, black, unweathered. In soil, 

h69 

-- -- weathers most rapidly, k ^2 
-- fresh, cements rapidly, 139 

— -- erosion commenced Instantly, 

530 

— -- increase of. Increases sandi- 
ness of soil, 598 

-- heterogeneity of, overcome by mixing, 

677 

-- In^jortance of preserving young, 67O 
-- Juvenile deposits of, tobacco thrives 
on, 488 

— Krakatau, 451, 5?8 

analyses of, 23-26 
-- -- erosion of, 574 

— -- mechanical emalyses of, 529 

-- — soil rejuvenation by, 536,543,554 
-- lands, light loamy, for tobacco, 514 
-- liparltlc coverings, 533 
-- -- eruptions of, 462 

weathering of, 94-95 

-- Merapl, effect on water reaction of, 

74 

-- modification of laterlte profile by, 

154 

— nitrogen In water from fresh, 205 

•- on volcano elopes very different from 


Aeh, tobacco, important as fer- 
tilizer for tobacco, 477 
-- trachyte In composition, very 
far from crater, 633 

— tuff, 667 

-- volcanic, 10,32-37 
-- — a cause of black soil 
color, 111 

— — alkaline reaction of, 64l 

— -- differences In, how 
brought about, I61 

— — hastens decoii5)osltion of or- 
ganic matter, IO8 

-- — mixing with alluvial sedi- 
ments, 383 

possible types of, 634 

-- -- soil from, 138 

— weathering of, 89 
-- -- stages In, 530 

Ashes, wood, a fertilizer for 
pepper, 413 
Asparagine, 110 
Aspergillus niger, IO7 
Asphalt, tiemperatures under, 43 
Ae.qlmllatlon affected by sun- 
shine quality, 102 
-- influenced by ten5)erature, 

102 

Atmosphere, effects of on 
solar radiation, 99 

— free, near soil surface, 
coii5)oeltlon, 68 

Auglte, 7,16,23,28,29,87,9'*, 
185,37'*, '*56,517, 557, 560 
57'*,655,668 

-- among magnesium conqpounds, 

86 


that on distant plains, 633 

— pale, 579 

— -- characteristics of, 634 
-- paler, less fertile, 497 
-- Ranau, 536 

-- recent deposits of, unconsolidated, 

667 

-- rejuvenates soils on mountains, 155 
-- rejuvenating, Lombok, 217 
-- rejuvenation of senile soil by, 203, 

204,509 

-- soils, fresh, relation to other kinds 

146 

•- -- lightly weathered, not Intensely 
brown, 430 
-- -- Merapl, 629 
-- -- phosphorus in. Ball, 210 

— — water relationships in, will 
Improve, 676 

— sorting of. In the atmosphere, 23,29, 
35, 161,452,574 

— tendency to cementing, 677 

-- terrific explosions of addle magma, 

515 


-- analysis of, 14,24,221 

— andesite, 194,495,567,632 

— -- dust, analysis of, 34 

— -andesites, ollvine-con- 
talnlng, 495 

— -andesite, weathering of, 

92-93,166 

-- coii5)osltlon of, 25 
-- crystals of, 13 
-- falls more rapidly from the 
air, 647 

,-- fragments In volcanic ash, 

633 

— gives rise to red Iron oilde, 

87 

— hypers thane andesite, analy- 
sis of, 521 

— — andesites, potassium in, 

618 

— in andesite, 92 

— in sediment, 664 

— in volcanic ash, 34 
-- not in ejecta, 656 

— powder, 373 


Auglte, separation of, 24 
-- supplies Iron hydroxides, 634 

— weatherablllty of, 9,85 
--weathering during movement of 

sediment, 363 
-- -- of, in dunes, 624 
Australian rain type of clliiate, 

309 

Autochthonous materials, Borneo, 

387 

— soils, -178 

• -- -- developed from allochthonous 
soils, 470 

-- -- lower in water and plant 
nutrients, 457 

— -- on marine limestone and marls, 

292 

-- weathering, products, of, I88 
-- -- soil, constitution of, 358 
Automobile reduced farmyard manure 
supply, 581 

Avalanches of soil, 30I 
Averages, limited value of, 564 

Bacillus racemosus, aocomposition 
of organic matter by, 104 
-- vulgatus, decomposition of or- 
ganic matter by, 104 
Bacteria affected by trace elements, 4 
-- and molds contrasted. 107 
-- C/N ratio of, llu 
--in mineralization of organic 
matter, 106 
-- in the soil, 97 
-- soil, conditions unfavorable on 
mountains, 277 

Bacterial action retarded by high 
acidity, 111 

-- flora, anaerobic, prevents peat 
formation, 157 

Bakoebakoe, a subaqueous soil, 466 
Balinese are agriculturists, 402 
Bamboo, abundant on sand dunes, 5^3 

— durl, 273 

-- indicates volcanic components 
In soil, 531 
-- Lombok, 217 

— on poor soils, 596 

— spiny, 587 

on poor marl soils, 589 

-- suited to heavy soils. 

Bambusa bambos, 273 
Bananas, 313,328,549 
--on ridges, 625 
Bandjarreezens, 546 
Bandjirs, 183 
Bantam tuff loam, 577 

— white tuffs, 228 . 

Barium, nutrient relationships 

of, 460 
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Basalt , 86 , 2 li 6 , 260 , 297 , 31 ^ , 355 , 369 , 
370 ,417,418,420,436,456, 464 , 495 , 
557,567, 568, 570,592,597, 632 

— analyses of, 28 , 30 , 31 , 523,558 
Basalt and subaerlal lixivia, 588 
--as efflata, 666 

— effect of on well water reac- 
tion, 74 

-- flow, Cherlbon, 617 

-- flows from Tangkoeban Prahoe, 

589 

.- gives more kaolin than montmorll* 
Ionite, 527 

-- lava flow, erosion gully in, 620 
-- only rock erupted by Baloeran, 

679 

-- predominates, 575 
-- principal constituent of ejecta, 
ejecta, 669 

-- Soekadana, subsoil from, 529 

— soil from, 318,337,339 

-- soils from, densely populated, 
533 

-- -- weathering from, 528 
-- true, usually forms lava streams 
666 

— uncommon, 595 
Basaltic efflatas, 647 

— lahars, lime from, 6ofi 

— lava, 27,522,685 

— — analyses, 28 

-- magma, lava streams, from, 

643 

-- materials, red lixivium on, 

652 

-- parent materials, 604 
-- pumice stone or lava, 
weathering of, 634 
-- rock 316,666,6'n 
-- rocks, erupted, 668 

predominant later in 

eruptions, 212 
-- sand, weathering of, in 
dunes, 624 

Basalt -like ash near crater, 633 
Basalts and andesites more lnqpor- 
tant in volcano building, 515 
Basalts, glassy. Ball, 194 

— more fertile soils, from^ 

390 

-- potassium content of, 6 l 3 
-- sodium rich and potassium 
poor. 681 

Base exchange possibilities in 
the soil, 637 
"•* saturation, fortlllzor 
quantities to provide, 398 
— Increased, 4 l 4 
-- increases with decreasing 
rainfall, 527 




Bases, Importance of measuring all, 

637 

-- liberated by hydrolysis, effects 
of, 527 

-- relative rapidity of leaching 

of, 602 

-- removed early in weathering, 143 
Basic and acidic eruptlves contrast- 
ed, 515 

-- — rocks, differences for soil 
fonmtlon of, 634 

-- andesite tracts, well water re- 
action in, 74 

-- andesites with hl^ calcium con- 
tent, 510 

-- ash, characteristics of, 56O 
-- effusive rocks, 557 
-- ojecta more crystalline, 28 

— raudh closer about erup- 
tion point, 643 

-- eruptlves, 308 , 344,369 
-- -- analyses of, 29 
-- -- better soils from, 575 
-- -- characteristic constituents 
of, 456 

— — young in Batak lands, 456 
-- Igneous rocks, 373 

-- iron-rich volcanic ash, erosion 
of, 600 

— magma, with less gas, followed 
acidic, 643 

-- parent rocks, excellent soils on, 
460 

-- plutonic rocks, analyses of, 26I- 

263 

-- rocks, 17 

-- rock region, soils best for paddy, 

503 

-- rocks have better soil, 572 
-- -- more abundant, 575 

— -- soils weathering from, 528 
-- slag fertilizer, 413 

-- for tea soils, 596 
-- volcanic materials, better 
soils from, 427 
-- -- weathering of, 91 
-- volcanic rocks, l 8 , 3 l 4 

weathering of, 143 

Basicity of ejecta increases with 
age of volcemo, 213 
Bastlte, 349 

Bataks, kalTigin cultivation by, 

472 

Bathollth, analysis of, 518 
Batoe bang^ong (luBfJs of iron ore), 

572 

Bauxite, iron-rich, 392 

— nodules associated with iron 
concretions, 408 

— position in the laterlte pro- 
file of, 145 


Bauxite, supplies of, 4 l 4 
Bean cakes, blackish brown, 546 
-- iron ore deposits, 375 
-- ore (iron concretions), 350, 

374,391,546,590 

-- -- in anqjhlbious weathering, 

161,175 

-- -- precipitation of, 571 
Beans, as source of fate, 259 
--on plots between paddles, 624 
-- thrive on heavier soils, 638 
Bed load of streams, sorting of. 

Beginning stage In soil weathering. 
142 

Beldellite, 77 , 359,522 
-- conditions favoring formation of, 

52 ^^ 

-- high absorptive capacity of, lor 
bases, 527 

Belts, climatic, and elevation, II3 
-- -- on equatorial mountains, 142 , 

294 

Besoeks (mud flows), 179 , 671,673 
*;etel nut palms, 273 , 274,445 
Blege colluvia, 432 
Blnongkoneee, soil preferences of, 

305 

Blotlte, 19,29,283,355,403,419,453, 

499,517 

-- bleached, 469 

— gives rise to red iron oxides, 87 
-- weathering of, in llparltlc ash, 

95 

-- daclte, analysis of, I8 

-- granite, 403 

-- -- analysis of, 519 

-- granodlorlte, analysis of, 519 

-- gneiss, 515 

— hornblende andesite, 449 
-- -- daclte, analysis of, 30 
--In schists. Central Celebes, 330 
-- mica, l 4 

-- nephellnlte syenite, analysis of 

38 

-- pyroxene andesite, 355 
-- shonklnlte, analysis of, 38 
Birch forests, 303 
Blalllcates, dark colored, low 
quantities of, 56O 
-- from tuff, effect on soil, 560 
Black aii5)hlblou0 soils, 317 
-- ash, 677 

-- blang soils, 435 
-- brownish, of humus horizon on 
high mountains, 498 
-- clay, 609,615,643,645,647,688 
-- -- conditions for development of, 

218 

— heavy, cracks and slakes down, 
657 
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Black clay, Krakatau aah on, 529 
-- strongly plastic, from granite, 
324 

-- color, nature of, 155, 16? 

-- -- not always a mark of fer- 
tility, 506 

— — obscures brown and red 
iron oxides, 155 

-- -- origin of, 165,168,675 

-- coii5)Ound8 developed where 
moisture ascends in profile, 

155 

— cotton soil, India, 165,172 
-- dust soils, 156,162,1468 

-- -- soil, best for tobacco, 

473 

— geographic distribution 
of 468 

-- -- subsoil of, 467,469 
-- — soils, wind erosion of, 

140 

— dusty soil from annual burn- 
ing, 681 

-- earth see also Black soil 

— - 202*^1,249,250,266,288, 
289,615,653,654,684,688 

-- — alternating water move- 
ment producing, 337 

altitude limits of 268 

-- — and red earth from same 
parent material, 642 
-- autochthonous, 290 
-- -- calcareous, 5^7 
-- -- calcareous, contrasted with 
red lixivium, 643 

— calcareous, from limestones 
of biological origin, 566 

-- -- caused by droughts, 379 
-- -- clay eroded from, 664 
-- -- clay, with or without con- 
cretions, 566 

-- -- compared with regur, 173 

erosion of, Cheribon, 139 

-- — formed subaqueous ly, 38O 

— -- from alternating weather- 
ing, 560 

-- -- from volcanic tuff, 373,644 

grayish, Soemba, 247 

-- -- holds water until evaporated, 

377 

-- — on acid tuff, I36 
-- -- on granite, 324 
-- -- impervious substratum, 539 
-- -- originating under savanna, 

290 

— -- plains of east Java, 688- 

689 

— — poor in phosphorus, 616, 

688 

-- — possibilities of develop- 
ment of, 302 


Black earth predicted in Celebes, 350 

-- — profiles, 169,267 

rain factor for, 48 

-- — senile, cause of formation 
of, 684 

— -- true, on convex, 684 
tuff, 649 

— -- tuff, analyses of, 646 

— -- tuff under, 560 

— with reddish tinge. Ball, 

171 

Black earths, explanation of great 
extension of, 643 
-- lime or marl, 642 

— -- subtropical, l64 

— glass makes ash dark, 677 

-- granular earth, residual, thin, 

342 

-- humous soil, 534 

— intense, surface soil, in- 
fertile, 506 

-- lands, explanation for forma- 
tion of, 527 

— layer, peaty, on granite soil, 

408 

-- loams, 377 

-- loose surface soil of blangs, 

429 

-- magnetic iron sand in lixivium, 
557 

-- marine clay, 289 

-- marl clay, low in phosphorus, 

608 

-- — ground, 225 

-- -- soil on marls, 652 

— organic residue not fertile, 

455 

-- powdery soil, 675 
-- piunlce stone, 4l8,669 
-- sand, 678 
-- scoriae, 677 

— soil see also Black earth 

377 

— -- characteristics of, I7I 

— conditions for develop- 
ment, 216 

— — development of, I65 
.. -- from acid tuffs, 242 

— from marls, 656 

— .. hypothesis as to ori- 
gin, 467-468 

-- -- in mountain valleys, 
transient, 455 
not always rich, 435 

— not peat, 552 

— — one method of forma- 
tion of, 634 

— — sliding of, 172 

— — under cogon and feme, 

455 

— under long dry seasons, l64 


Black soil with white gravels, 

336 

-- soils, heavy, crops for, 

258 

-- -- from fresh volcanic ash, 

111 

-- -- from iron-poor rocks, Timor, 

265 

-- — poorly drained, 684 

-- -- reserved for paddy and coffoo, 

512 

-- -- under grass vegetation, 49& 

-- subaqueous soil upraised, 224 
-- swamp soil, Juvenile, 604 
-- tanah malit, soil, 218,224 
--to gray paddy land, 609 
-- water, 410,544 
Blackish brown "bean cakes," 5^6 
-- gray alluvium from volcanic 
products, 44l 
Blang soils, black, 435 
Blangs (cogonals), 429,430,433 
-- origin of, 435 
Bleached grayish blue soils, 38O 

— horizon under humous surface 
soil, 361 

Bleaching, amphibious, of brown 
lixivia, 324 

-- conditions unfavorable for, 

-- earths, 626 

--of horizons, conditions favoring, 

147 

-- -- soils at higher elevations 
by peaty water, 46l 
-- subaqueous, of brown lixivia, 

324 

Blender, 455 
Bloekar, 59^ 

Blow holes, 669 
Bluish black calcareous marl 
soils, 635 

-- gray of paddy soils, 582 
-- -- soils, 398 
Bocca region, 678 
Boccas, 669 

Bog formations, locations of, 7: 

-- ore, conditions favoring devel- 
opment, 162 

— — concretions, 158 
-- water, 73 

-- waters, reaction of, 80 
Bogs, tropical, reaction of, 73; 

80 

Bohorok Fbhn) winds, 60,425 
Borassus flabelllfer, 227,234,23 it 

259,273,274,371,373,691 

Borers, paddy, 607 
Boron, 513 

— importance of for tobacco, 

476 

-- nutrient rolatlonehlps of, 460 
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Boetonite, 373 
-- analysis of, 38 
Bouw, conversion factors for, ^93 
Bracken, 300 

Brackish water alluvium, 378 
Brandjangan (Mlrafra Javanica), 659 
Breccia, 187, 213,^+9^,592 
Breccia a, volcanic, quantities of, 

363 

Breezes, land and aea, more Import- 
ant than monsoons, 331 
Brick red soils hecome rose red from 
marine effects, 59^ 

Bricks, Borneo soils more suited for, 
^02 

Bright brown lixivium, iron content 
too low to form, 656 
-- red lixivium, cocoa on, 609 
Bromine, 512 
Bronzlte andesite, 297 
-- serpentine, analysis of, 263 
Brown and red lixivium, a normal 
soil, 468 

-- -- aubaerlal lixivia, 619 
-- -- tints with aubaerlal weather- 
ing, 466 

-- -- brownish red lixivium on 
dacltic deposits, 467 
-- -- yellow sandy lixivium, 468 
-- -- lixivium, rice planted on, 

686 

-- andesitic dust soils, 64l 

— — lixivium, 588 

-- colors, in acid soils, 111 
-- earth, .juvenile, reasons for 
eroslvenesa of, I3I 
-- — on mountains, mountain 
granulation of, 150 

— -- physical characteristics 
of, 651 

— earths, rain factor for, 48 
-- -- relation to latorlte, 146 

-- flecks and threads, meaning of, 

170 

— -- and veins of amphibious 
soils, 3n 

-- colluvia, 432 
-- lixivium, 594,621,649,673 
-- -- altered into pseudo-sand, 

675 

-- -- black magnetic sand in, 557 

— changes of, with elevation, 

534 

-- — eroded off, 579 
-- — let stage of, 64l 

— humous, 597 

— — increasingly humous with 
elevation, 619 

-- — on basic rocks, 598 
-- markings in gray paddy land, 624 


-- or red colored soil, 634 
-- soils never impervious heavy 
clay, 161 

-- stage of weathering, 677 
-- surface soil, 606 
--to brownish red lixivium, 668 
--to brownish red lixivium, on 
lahar material, 588 
--to brownish red, longest 
weathered soils, 684 
--to brownish red soil, somewhat 
older, 606 

--to brownish red soils, well 
drained, 684 

--to grayish white sandy lixivium, 

525 

--to red lixivium soils, senile, 

566 

--to red ridges, old natural 
levees, 591 

--to reddish brown lixivium, 585 
--to reddish brown soils, condi- 
tions which produce, 634 

— to reddish brown subsoil, rea- 
sonably permeable, 602 

-- veinlng and flecking of paddy 
soils, 580 

-- virile lixivium, 537 
-- volcanic soils, 536 
-- subsoil of volcanic origin, 
black humous soil on, 534 
Brownish black humous soil, 588 
-- -- soils from tuffs, 587 

— gray lixivium, juvenile, 

612 

-- red and red lixivium at’ low 
altitudes, 467 

— -- lixivia from eruptive 
material, characteristics 
of, 651 

-- -- little difference be- 
tween, 469 

— - lixivium, 543,579,628,649, 

651,681,690 

-- -- from coarser material, 

641 

-- -- from dune sand, 624 
-- -- from gremlte, 524 
-- -- rejuvenated, 668 
-- -- subsoil, a fossil soil, 

683 

-- — light yellow, dirty white 
colors, 468 

— -- dark, thin, on limestone, 

377 

-- -- senile lixivium, 506 
to brown lixivium, 568 

— — to rod lixivium, 621,681 

— - soil, 650 

-- -- decline of production of, 

653 




Brownish red tuff, soils from, 635 
-- yellow lixivium, 334 
-- -- from liparitlc tuff, 454 
-- -- senile, 536 

— -- mountain lixivium, 673 
-- -- for coffee, 673 
soil, 671 

-- -- senile lixivium, 506 
Brugulera, 273 
-- products of, 445 
Bryozoan reefs, limestones from, 

419 

Bulging out and soil erosion, 135 

— — of soils from marine de- 
posits, 390 

-- of soil mass, I70 
Burning in forest clearing, very 
detrimental, 509 
-- of soil for pepper, 413 
-- the cause of the black color of 
blang soil?, 435 

Cabbage cultivation on the Karo 
plateau, 460 

Cabbages for export, 436 
Cabo negro palms, 239; 445,534 
Cacao, abandoned, 320 
-- disappearance of, 328 
-- plantations, 629 
Cactus, 690 

Ca Janas cajan, green manure on 

Ball, 206,207 

Cajiput, 274,303,305,306 
Calcareous black earth contrasted 
with red lixivium, 643 
-- -- iron percentage in 587 
-- earth carried by wind, 269 
-- marl, 27O 

-- red earth, Celebes, 352 
-- sand, 664 

-- sediments, give more fertile 
soils, 352 

— silt, 394 

— soils, 224 

-- -- poor for paddy, 506 
Calclte, 88,94,283,353 
-- veins in andesite, 355 
Calcium, 7,512 

-- absorbed, especially low content 
of, 509 

-- absorption complex, 510 
-- — of in sea water, 626 
-- ash sorted, poorer in, 574 
-- behavior in alkaline waters, 82 
-- bicarbonate in weathering 
solutions, 73 
-- carbonate, 11 

-- — abundant in deep sea sedi- 
ments, 438 

-- -- concretions, 608,644,676 
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Calcium carbonate concretlono, 
conditions for formation of, 

-- -- dloappL.ara qulclly from 
river load, 

-- early diaappearfmeo of, 31C 
-- -- in M ol 1-1 1 Ion, I'j 
-- -- increase;’ '.t jaivtinesa of narl 
coila, edl 

-- -- leached av-ay, ebb,oH‘) 

- - - - not of t en pre s ent , o 3 p 
-- -- scarce In Borneo alluvia, 

-- -- solubility of, do 
-- -- imfavorabla for tea, yS'd 
-- coaconti'atlon in surface: soila, 
eO’ 

-- content decroa;3os with depth, 

-- -- decreases with distance 
from crater, 633 
-- -- of acid effusives, 619 
-- -- basic and os 1 too, 610 
-- -- efflatas, 

-- -- groiund waters In semi -arid 
regions, 6';''5 

-- -- intermediate rocks, ‘yOl 
-- -- soils, sell, 613 
-- -- from; ba;3lc rocks, 6Pu 
-- -- tea soils, '490,696 
-- -- tobacco soils low, 629 
-- -- tuff, 660, till 3 
-- -- volcanic rocks, 666,696, 
tl8 

-- deficient In r-nl llvivium, 66l 
-- easily le-ached from pervious 
soil, bj.’l 

-- eatliTiation of, not sufficient, 

637 

-- forms of, in marine and land 
tuffs, 661 

-- from Foramlnlf -u’a, O'-l 
-- mat! ere noire, 600 
-- held absorptively by clay, 

538 

-- leached by swamp ’rnters, 6t6 
-- -- from various foimiations, 

096 

-- -- out, 661 

-- __ rapidly during weatheririg, 

669 

— -- from soils higii in iron, 

3I12 

-- leaching from feldspars, 6] 

-- low content of, ^66 

-- low in Roila from peridotlte, 

">9 

-- -- percentages of, in aah, 63U 
-- -- in red lixivium, 625 
-- inlnerals with much, fall more 
rapidly, 6V/ 
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Calcium more important than ljIII- 
con in soil formation, 01314 
-- more in ash nearer crabeu’, 6t’0 
-- moat rapid leaching of, 602 
-- ruitrlent relationships of, d60 
--of organic origin in marine 
tuffs, 6)2' (' 

-- oxide, value of figures of, 4 89 
-- poor rocks, weatheriiv; condi- 
tions of, 6i'T 

-- prevents loss of finest sedi- 
ments into sea, ^98 
-- -- pent formation, 161’ 

-- rich andesites, weathering 
conditions of, 62'(' 

-- -- leucite rucks, 660 
-- satincation and Cinchona, cOP 
-- -- by sea water, 621 
-- seldom determined, 392 
-- silicates, weathering of, 81 
-- small quantities absorbed, 616 

— sodium feldspar, 'i 

-- -- rate of w-athering of, 9 
-- soil defi.uir;ncy in, \uP 
-- solution of, in weather ir;g 
pyroxenes, 

Callum, acid humus from 197 
Cal oi'Ogonlum, green rnania’e for 
coffee soils, 6O7 
CalotojTs, 166 
Camphor, 996 
-- oil production, 99t;-.. 

Canarlum trees, 307 
Capillaries, character of, af- 
fecting infiltration rate, 

129 

-- size of, and infiltration 
rate, 126 
-- soil, 9e,63 

Capillarity holds rain water, 

987 

Capillary rise nil in heavy 
soils, '>7 

— — f/f soil water, condi- 
tions affecting, 69 

-- water, 96-9(j,66 
Carabao, 369,613 
Carapa opp, 99'; 

Carbohydrate reserves affected 
by respiration, 10'^’ 

Carbon dioxide adsorbed by 
soils, 70 

-- -- as weathering agent, 72 
-- — assimilation by plants, 

98 

-- -- effect on Iron compounds, 

89 

-- -- oxtr’actlon with solu- 
tions of, 637 

-- -- from mineralization of 
organic matter, 103 


Carbon dioxide in soil atmosphere, 

68,69 

— -- increased by organlsm/3 in th.- 
soil, ;7(' 

-- fixing in the ;joIl by orz-yin i sms , 

97 

Carbonatlon as a consequence of 
grass bunilng, 676 
Carbonic acid -containing water, 
weathering by, 8l 
-- acid In rock weathering, 193 
>- -- water, 'fP 

-- -- wtiatherlng of feldspars, 70 
Carbonization of organic matter, 1.1 : 
-- {>roducing black color, 111,16'; 
Carbon -n Itrog'.’ii ratio. 111 
Ca;-!0ava , 328 , 6361 , 689 , 6'60 
-- fertilizer experiments on, (’[}P 
-- on ridges between [.add;/, 629 
-- poor stand of, deg 
-- poseibillties of, 313 

— also Manihot utlllsslrrn 
-- soils for, 029 

Cassia, 66)8 
Cuss ] tori te, 9l0 
Casuarlna, 2/9 

CaLalys,ts in organic matt-.r iiuner'7- 
ization, 106 

Cater]) ill ars, a coffee pest, Tyo 
Cattle fodder from forestation, '/-di 
-- not much prospect for, 6’f'6 
-- raising, 639 

Cau 1 1 f 1 ower s true. tLO'c , I70 , 682 
Celba penbandi'a, 689 
Celebes-Molaase, 391,3^61 
Cellulose in the soil, 97 
-- -- soil organic natter, 106 
Cemt'nt, calcareous, of tuff sand;!, 
Cf.'montory soil high in ]>hosj)homr, , 
Cementing because surface soil mcr> 
acid than subsoil, 609 
--of ash to tuff, 677 
-- to tul'f retarded by iron 
hydroxide, 677 

Cemf;nts in sandstones, lm])ortarK’i' -u' 
quality of, 389 
Ceramic clays, (>06 
-- earths, 9l9 
Cerlopa, 996 

Cerium in llparlblc tuff, 97'y 
Chalcedony, 291,626,692 
-- foimntion of, 76,80 
-- -- in the soil, I60 
-- nodules, 696 

-- -nandotono, calcareous, analyof' 
of, 261 

Chalk, 370,376,378 

Chalks, riarly, rlvor headwaters In, 

39 ^ 

— phosphorus content moderate ol', 

382 
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ChamolB colored hoIJo, 69 O 
Charcoal Trom mangrovoa, '9il 
-- raakoa noil daj’k coloreid, 682 
Chemical analyoeo, InconcluolvH h;/ 
thoMJolven, ^ 8 y 
-- -- llmltatlono of, 811 ^hj8 
-- -- mcthodn of Id 
-- -- of nilnerala, ohortcoiulngn of, 
577 

-- -- of nolla, nhorhcoml n(;ai of, 

637 

-- -- of nolla, value of, 

-- -- renulta of, often ini , B ea ding, 

639 

-- coiripoBltlori vari('!j mjneraloglcal 
compoaltlon, 16 
weathering, 72 

-- -- far ahead of rnechan! cal com- 
minution, 585 
-- -- intcnolve, Ji97 

-- -- Blow, 7o6 

Chernozem, relation to d-.-graded 
chernozem, l^iG 

Chineon, commercial cropo I'rodui'ed 
hy, li02 

-- expert popper grovoru, 7ll 
-- grower f! of intonolyp cropo, 

401 

-- vegetable growcr:i, 825 
-- wood cuttero, 541 
Chlorine, movement of, during 
weather' Ing, 9 ^' 

-- nutrit.Tit relatlonahipe cf, 

460 

Chlorite, 12 , 283 , 353 , '70 
-- gives better nolle, ,'^50 
-- nchlotn, 322,515 
“*• prof lien develc]' 1 .ng 

0 : 1,525 

-- olatoH, 419 

Chlorltizatlon of efflatac In noa 
water, 560 

Chocolate colored noil from 
andesite, 411 
Chromite, 17,345 
Cinchona cultivation, 568 
-* -- Bolls for, 598 
-- ole vat lone for, 114 
-- gi'owbh controlled b.v noli 
condltlonn, 3J'7 

-- humua requirementu of, high, 

599 

optimum reaction for, aye., 

686 

-- pH requlremontn of, 566, 

ti02 

" plantatlonn, (?01 

production, oolls fur, 509 
root developraturh of, 
limited, 509 


Cinchona nolln, abuorptlon comj/lej 
naturatlon of, 602 

— -- air capacity of 67 
-- -- for, 588,601 

green mariuring and liming 
fur, 510 

— toj)ography too rc^ugli for 568 
Clndern, black, 316,678 

-- -- baaaltic, weathering eP- 
foct;: on, 634 

Cinnamon, grown oxcellently, 534 
Citric acid nolutlony of plant 
nutrJ enbn, i:n[ 

Cltronella, (•Of 
Citi’iiJlua vulgar in, 4 01 
Cltr^jn, excel Ifait, on granite 
nolln, 46u 

Clans 1 flcatlun of cllniaten, 

Mohr’n, 58-6O 

Clay, black I nh water, rraken 
richer noils, 525 
-- brownish black plant ic, low 
In li'on, 374 

— - calcH reoun , ^elan.;. if I ca t i on of , 

187 

-- carrf, d cut Into tlie nea , 5CI 
-- chai'actcr i ntl cs of, affect- 
ed by dark mine rain in tuff, 

52r> 

-- compon'-nt of .-ledimt-ritaT';/ 
rocks , 11 

-- content, import^uice of, 56^- 
-- cmcking and drying of, o*. 

— cryntalllne chaiTicter of, 

-- effect of elect2'ol;,de-n on, 

110 

-- L-luvlatlor of, 46',' 

-- fat green inh gi'ay, ciu'el itionn 
for development of, '-4,3 

— fire brick, 6^0 

-- f 1 ooculated , eroden meiro 
nerlounly, :.'6~ 

-- flocculation of, 12';-' 

-- -- In the rea, 

-- fi’om marl no nod I men tn carrlrc 
abrcudied Iona, ‘''-e 
-- -- nvirln, montmorlil onit Ic , 

-- gravel, .(.'ronivenenn of, 177 
-- iieavy, not aulted foi' oil 
palmn, 4v8 s 

-- -- water mobility too low, 

488 

-- -- with fine quartz powder, 

500 

-- illuviation of, id, 658 
-- -- linpervlouu never brown or 
red, 161 

— tough, solid while wet, 389 


Clay in river 8**1 Inn. ntn, 66'* 

-- in nuapenni tui, Increaae of 
in ntream load, e-; 

- - i nc rean 1 n,gl .7 h ca vy w 1 th lor n 
of iron, 398 
-- lagoon or mai'ine, 284 
-- rifirif:'-, rhang'n: er_ v*-'itli' r- 

■ -- sliding and eronlon of, 1:7 
-- -- loan rerlntant to croc ion, 
130 ,]- 

-- -- with fe-nslln, 2t7} 

-- uarlr, roiln from, 5'-'5 
-- ira rly, clanol float Ion of, 

18'; 

-- mliieral, ]d-:'Ochrolc, n cement- 
ing material, 522 
-- minemln, 7',' 

-- -- foi’iiBtioii of, 526-92',’ 

-- -- imj'r.i-tanco of differences 

-- -- reri'yntal lized to another 
rcc-m, t’:21 

-- -- rat.uiation in sea water, :t'8 
-- -- with hl(-ph abr.02‘ptive power, 
conditlonn for forrntion, 56I 

-- -- r’limrary of iCBitions in the 
profile, 162 
-- ore, aiialysio of, 351 
-- pale, rli^;^tly porzlouH, from 
tuffs lev ill iron, 53" 

-- -- w:.a t h'^r-d from p'izilce stone, 579 
-- pal-r and losr [o-rvious without 
iron, dft' 

-- per-meab ; 1 i-^y of, Ipc 
-- ]d antic, effect of iron 
Cvhydr'ate on, lei 
-- vhite, f>'cm acid glass, 

-- plarticUy of, and erosloi:, 1;?9 
-- I'-ai, contrasted with ether 
"clays", Ig' 

-- red deep rea, 2o'*‘' 

-- -- heavy ami ntiv-ky, frem 

-- -- volcanic, in tuffs, too 
-- -- Vealherlng, f de 
-- reddish brewai, ari In tenured into 
siagt;' in later Ite foiTiaticn, ct'c 
-- candy, looks like nerlclte 
soil tab, 3d.. 

-- o.chlstn, viathering of, 'olO 
-- senile, 284 
-- shales, 3:C,;83g— 4 
-- -- disintegration in proportion 
to elay prenent, 497 
-- -- fresh water sedlmentn, weather- 
ing of, 389 

-- -- weatlicring of, IV'T 
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Clay slates, 336,^9^,618 
cannot supply calcium, 

498 

sandy, 51^ 

— — slllcious, 51^,518 

-- -- slllcious, parent rocks 
of uninhabited region, 531 
-- soli, behavior with varying 
water content, 65-66 

swelling and shrinking of, 

66 

— suba(iueou8, Krakatau ash on, 

529 

— swelling and shrinking, bench 
marks to measure, 66 

-- transformation of, during 
transport by river, 538 
-- transformed to hydrogen clay, 

538 

— white, 5^9 

-- wind erosion of, 66 
Clays, fresh -water deposited, 
characteristics, 136-137,189 

— high and low In clay, contrast- 
ing of, 339 

— inqpemieabllity of some, 127 

— stability between different 
kinds of, 13 6 

Claystones, 12,38,187,260,333, 

^ 1 * 6 , 5 ^ 7 , 552 , 582 , 626,655 

— disintegration of, by fresh 
vater, 359 

-- from weathered andesite 
grains, 592 
-- marly, I 87 

— red, 355,358 

-- soils frCHQ, 585 
— poor, 53^,538 

-- weather into heavy clay 
with variegated colors, 498 
-- weathering of, 177 
Clean cultivation, effect upon 
percolation, 465 
-- -- for tea, obsolete, 483 
-- -- unsatisfactory -for coffee, 

479 

Clearing, absence of, Indicates 
Infertility, 456 
--of forests, burning should 
be avoided, 509 
Climate alternating humid and 
arid, 215 

-- and plant growth, correlation 
between, 567 

-- — soil profile formation, re- 
lationships of, 566 
-- arid, 55 

— at increased elevations, *345 

— atmospheric, 4l 

-- dry, more healthy, 312 


Climate, earlier, dryer, 467 
-- humid, 55 
-- Influences of, 4l 

— necessary for laterlte forma- 
tion, 348 

--of Atjeh lowlands, 438 
-- -- Borneo, 385-387 
-- — Halmahera, 309-310 
-- — Java and Madoera, 56 I- 

564 , 619 , 572,685 

-- -- Lombok, 214 -216 
-- — Mlnahasa, 3l4-3l6 

New Guinea, 276-282 

-- Southern Sumatra, 523 
.. -- Sumatra's Bast Coast, uniform, 

Plantation district, 464 

the Great East, differences 

In, 193 

-- -- Timor, 262-264 

— west central Java, 618-619 
-- -- west Sumatran Mts., 496 

— relation to peat formation, 

539 

-- -- soil reaction, 

-- soil, 41,71 

— variability of, 379 
Climates, classification of 

equatorial, 55 

-- diversity of, In Java, 567 
--of the Netherlands East 
Indies, 59 

— soil, variation In, 6l 
Climatic belts and elevation, 113 
-- differences orographlcally 

conditioned, 386 
Climatologists, 55 
Clones of lii 5 )roved rubber strains 
obscure soil decline, 480 
Clovee, 305 , 313 , 321 , 328 , 535,536 
-- as a forest crop, 30 ^ 

— possibilities for, 307 

c/N ratio In organic materials, 
110 


Coco palms will not grow, 534 
-- plantations, unsuccessful, 340 
Cocos (and coconuts), 242,304,305,312, 
319,320, 352,381,1*02, 41*3,445,536, 
594,603 

— deslratle soils for, 445 

— lands best suited to, 512 

-- more profitable than rice, 505 
--on bright red lixivium, 609 

— — coastal sandy soils, 484,535,583 
-- -- dune ridge formation, 578 

-- -- lightest soil types, 591 

— — peat, 540 

-- planted extensively, 395 
481-- --on the coast, 401 
-- preferred to rubber, 512 
-- soils for, on Borneo, outstanding, 

399 

-- thrive on clayey ridge, 546 
Coconut production, factors affect- 
ing, 513 

Coconuts, leading money crop, Celebes, 

328 

-- native use of, 259,312 

— yields of, 305 , 320 , 328 , 329 , 340 , 399 , 
414,513,578 

Coffee, 294 , 365,536 

-- Arabian, early failure of, 507,509 

-- -- elevation zones of, 673 

— -- favorable conditions for, 682 
-- -- flourishes In Atjeh, 436 

-- -- greater possibilities for, 46l 
-- -- leaf disease of, 603 
-- -- successful growth of, 673 

— cultivation on Ball^ 207,209 
-- -- Celebes, 320,358 

Flores, 244 

-- -- Lombok, 220 

-- -- Sumatra, 46l 

-- failure of, 340,546 

-- -- reasons for, 531 

-- grows excellently, 534 

-- leaf disease, elevation limits. 


Coal ash, concentration of trace 
elements In, 475 

— deposits a reason for geo- 
logical study of Sumatra, 4l7 

--In quartz sandstones, 494 
-- layers more in^ortant on Borneo, 

383 

-- -- suggest land deposition, 428 
Coast^LL sediments, 11 
-- swamp zone, Atjeh, 44l 
Coco palms and coconut production, 

239,244,294,343,512-514 

-- --grow about villages, 434 
Irregular distribution of, 512 

— — productive near the sea, 539 

— — suitable conditions, Timor, 273 
-- — water requirements of, 512 


of, 673 

-- Liberian, on llparltlc terrain, *+78 
-- limited water available for, 673 

— long rotation with forest necea- 
eary, 507,508 

-- pests and diseases caused Slecllne, 

479 

-- plantation zone, 67 I 

— plantations, elevation limits of, 673 
-- range favorable for, 368 
-- Indicate location better solla, 

531 

-- ittore on less steep volcanoes, 

647 

— short life of, 328 , 480 , 629 , 655 , 

682 

-- yhere rainfall more favorable, 

679 
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Coffee, poor eolla for, Floree, 

-- poealbllltlea on Soembawa, 227 
-- production Important, 553 
-- rainfall frequent unfavorable for, 

675 

-- red lixivium unaulted for, 673 
-- replaced by upland rice, 536 

— robusta, a catch crop between rub- 
ber trees, 

-- -- plantation of, 506 

-- short life on poorer, lower solla, 

550 

— soils, 268,273, 368, 369,651^ 

-- -- not suited to, planted to rubber, 

512 

-- -- reforestation for rejuvenating, 

508 

-- -- suited to, 687 

-- suitable conditions for, Soeiriba, 

259 

-- yields, better, 535 

-- -- decline of, 508 

-- -- on Indifferent soils, 550 

Cogon, black soil under, ^55 

-- burning of, makes soils darker, 

682 

-- -- repeatedly of, 675 
-- effect on soil temperature of, 

277 

-- -- upon percolation, ^^65 
-- erosion not prevented by, 329 
-- fires, 681 

-- ( Imperata spp.), 62,223,283, 

303, 305,337, 338, 433, 
It50,!t5?,it56,lt6i*,i<98,538,5<*3, 

571*, 587, 651, 680, 68? 

— on Floras, 21*0, 2ltl 

-- poor, on marl soils, 589 
soil too poor for, 531 
Cogonal, 336,352,^0,573 
-- areas, 66l 
-- vegetation, ^5^ 

Cogonala, 282,386,429,430,507, 

631 

-- area of, 587 
-- enlarge at expense of the 
forest, 435 

-- follow tropical high forest, 

438 

-- not from kalnglnlng, 433 
-- on leached sediments, forest 
does not return on, 497 
-■* pines in, 437 
-- result of kalnglnlng, 339; 

450 

Cohesion low In Iron-rich 
lixivium, 407 

of particles and eroslveness, 

129 

Colloid chemistry, effect on con- 
cepts of plant nutrient state 
In the soil, 637 


Colloid clay, crystallization of, 

129 

-- content, by Inference, 677 
-- cryptocrystalline, 79 
-- figure of Raoen soils, 677 
-- protective. In artesian 
well water, 82 

Colloidal fractions, acidities of, 
compared, 528 

-- particles, form of and adhe- 
sive capacity, 129 

— sols, 73 

Colloids, amorphous, 78 
-- and slaking values, 128 
-- base saturated, 525 
-- clay. In river water, changes 
with low pH, 80 

— huimis, protective, 84 

— nature of, and eroslveness, 128 
-- quantity of, affect shrinking 

and swelling, 407 
Colluvia, light brown, 432 
-- particle sizes of, I86 
Colluvium, 10,185,302,324,501,606 

— air, 189,249 

-- classification of, I87 
-- rejuvenation of, 284 

— sandy, 448 

-- -- Juvenile, 664 
Colmatage, need of, 537 
-- possibilities of, 294 
Color change coincides with 
hygroscopic Ity, 486 
-- -- point, 487 
-- changes due to soil erosion, 

655 

-- -- from gray to light brown, 

683 

-- Intensity proportional to Iron 
content of parent rocks, 499 

— of ash varies with distance 
from crater, 633 

-- -- black blang soil, 435 
-- -- soil and temperature, 

43 

-- -- soils, unimportant In 
Itself, 634 

Colored brightly, many soil typos 
of Atjeh, 427 

Colors of eubaqueously weathered 
soils, 172 

Commercial crops, Borneo suited 
for, 402 

Comminution, mechanical, lags be- 
hind chemical weathering, 525 
-- of ejecta by river action, 

635 

Coii5)arl80n of soils from differ- 
ent ejecta, 647 
Composition of volcanic rocks, 
wide variation ln,6l8 


Concave topography marshy with 
subaqueous weathering, 684 
Concretionary lime cement of efflatas 
676 

Concretions, bog ore, 158 
-- calcareous. In marl soils, 178 
-- calcium carbonate, conditions 
for formation of, 572 
-- -- in black clay, 643 
-- -- In black earth, 644 
-- -- in deeper marl soils, 656 ' 

-- -- see also Concretions, lime 
formation with amphibious 
weathering, I6I 
-- iron, 242 

-- — a possible source of metal, 

391 

-- --and lime, in the profile, 

587 

-- -- conditions favoring forma- 
tion, 287,374 

-- -- horizon of formation, 544 

-- - In black soils, I68-I70 

-- -- In dollne soils, 175 

-- -- In swan^) soils, 159 

-- -- in young profiles, 159 

-- -- mark boundary between horizons, 

159 

-- -- masses of, coalescing, 571 
-- -- segregation Into, 148 
-- -- summary of positions in pro- 
file, 162 

- lime, 218,242,250,267,268 
-- -- and Iron, in black clay, 615 

In black soils, 168,170,173,566 

-- -- summary of poaltione in pro- 
file, 162 

-- limonite, manner of formation, 

375 

-- manganese, summary of positions. 

In the profile, l62 
-- push back matrix during forma- 
tion, 287 

-- red laterltlc, 526 

-- -- conditions for formation of, 

524 

Conglomerates, 187,371,419,494 
-- marine, I87 
-- quartz -rich, 427 
Consistency figures, Atterburg, 486 
Continuous aubaerlal leaching 
weathering, 559 

Conversion ratine for paddy and 
rice, 493 

Convex terrain, character of solla 
on, 619 

-- -- not suitable for oil palms, 

483 

-- -- profile development on, 524 
Copal from Celebes forests, 328 
Copper, 513 
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Copper, nutrient relationahlpfl of, 
U60 

-- slate, 353 

Copra, 259,313,319,320 

Coral, 261,689 

-- Island soil, coconuts on, 

305,513 

-- lime as a fertilizer, U13 
-- limoatono, 227,33^‘,37^,^19 

— -- red soil developed from, 

300,350 

-- reefs, elevated, Flores, 238 

-- remains in soils, 325 

-- sand, 178,370 

Com see also Maize 

-- soil atmosphere near roots of, 

69 

Corypha gobanga, 273,277 
Cotton, 2'f3 

-- cultivation, 227,572,667 
-- -- conditions unfavorable 
for, 275,313,701,702,576 
-- -- in dry regions, 22<3 
-- -- on black soils, 259 
-- -- requirements for satis- 
factory, 665 

-- thrives on heavier soils, 

638 

Cover crops, effect on ^oond 
water of, 62 

-- to prevent soil erosion, 

655 

Cracking, characteristics of 
clays, 788 

-- deep, inverts soil, 652 
-- of black soils, character 
of, 170 

-- -- clay facllltatos re- 
vetting, 66 
-- -- soils, 66 
-- of heavy soils, aids wind 
erosion, l70 

-- -- soils, affects permeabili- 
ty, 127 

Crater Lakes, acid water of, 73 
-- water, effect on feldspars 
of, 80 

-- — leaches phosphorus, 88 
— solvent action of, 8'f 
Creep, dry, 7o8 

--of soil and gravel movement, 

526 

-- -- soils, 7-06 

-- -- eepoclally marine deposits, 

390 

— -- from clay schists, 7l0 

-- soil conditions favoring, ^07 
Crotalarla onagyroldee, 12^^ 

-- — green manure, 207,208,320 
-- green manuring for coffee 
soils, 507 
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Crotalarla Juncea, soil atmosphere 
near roots of, 69 
Crumb structure, destroyed by 
rain, 6l 

restored by long fallow, 

777 

Cnists, iron hydroxide, on stones 
in stream beds, 85 

— weathering, on stones, 527 
Cryptocry a talllno minerals in 

fine fractions of soils, 78 
Crystal angles, 86 
-- -- measurable tho crystals • 
altered , 622 

— lattice, broken up in weather- 
ing, 72 

__ of small minerals, 78 
-- molecule, l7 
-- net, l7 

-- — structural linkages of, 

85 

-- pavement from sheet erosion, 

769 

Cultivated land, percentages of 
the whole, 593 

Cultivation, clean, for coffee, 
undesirable, 779 
-- desirable for cocos, 513 
-- difficulties because of 
marl silt, 621 

-- failures, factors, contributing 
to, 602 

-- need for experimente on, 383 
-- of paddles, 772 
-- predatory, 27 1 
-- ehiftlng, see Kainglnlng 
Cbutlne In the soil, 97 
-- -- organic matter, IO5 
Cycle of plant food, importance 
of, 600 

Cycles of plant food movement, 
losses from, l75 

Cyj)eracaae indicate poor drainage, 
7n3 

Dacite, 297,309,322,369,385,717,720, 

756,767,592 

— analysis of, 20,221,521 

-- brownish yellow lixivia from, 

327 

-- pumices tone-like, analysis of, 

520 

-- soil from, 339 
-- tract, 786 

Dacltee, 260, Ul8, 1*68, 516,525 
-- not spread so widely from 
eruption point, 517 
-- quartz-containing, 213,779 
-- soils from, 510 
-- -- less fertile, 390 


Dacltea, three kinds of, 751 
Dacitlc and llparltlc soils con- 
trasted, 786 

-- -- tuffs compared, 769 
-- andesitic ash, back country of, 
787 

-- ash, 763 
-- deposits, 771 

— -- younger, and browner, 767 
-- effusivea, 387 

— einiptlons, preglacial, 767 

— iron-poor, aillclous ejecta, 

673 

-- lahar, mechanical analysis of, 

785 

-- lahars, concentration of tobacco 
on, 777,777 
-- -- soils from, 787 
-- -- younger, best tobacco soils, 

473 

-- -llparltlc tuffs, soils on, 769 
-- rock outcrop, 526 
-- sand, 770 

-- tuff, eubaoll of, 529 

-- -- tuff gray earths from, 672 

— tuffs, 337,470 

-- -- soils on, differences between, 

469 

-- -- weathered, 451 

Dadap shade for coffee, 207 

Daemonorhopa spp., 437 

Dajak, upland rice cultivation by, 

339,400 

Dammar, 313,340,343,400 
-- trees, 302 

-- -- not an index of high fer- 
tility, 303,352 
Danau formation, 385 
Danaus, 472,539 
Darats of Billiton, 712 
Dark blackish brown clay, (939 
-- brown clay, residual from 
limestone, 361,362 

— -- lixivium, rocks giving rivse 
to, 637 

-- -- soil thru alternating weather- 
ing, 560 

— -- soils from rocks high in 
iron, 598 

-- -- to black glass, 668 
-- brownish black swamp clay, 
soil, 679 

-- color not infallible indication 
of rich soil, 735 
-- -- of humus stains soil, 754 
-- colored ash gives gray shades 
soil, 670 

-- glass causes dark ash, 668 

-- gray clay, 684 

-- -- concretions In, 590 



Dark gray surface soil on moimtalna, 

673 

-- -- to tlack soil for coffee, 

682 

-- greenish gray rock color from 
hornblende, 634 
-- minerals, 

-- -- cryetall Izat ion of, 88 
-- -- fall quickly from the air, 

646 

-- -- In basic ash, 634 
-- -- ejocta, 684 
-- -- tuff, effect on resulting 
soil, 526 

-- -- Increase pervlousriess of 
soils weathered from them, 

639 

-- -- lacking 1n ash, con- 
aequericoa of, 634 
-- red lixivium, 678 
-- -- lixivium, volcanic rocks 
giving rise to, 634 
-- -- soil thru alternating 
weathering, %j0 

-- soil color from aimual grass 
fires, 682 

Darker brown and rod lixivia, 528 
Decapitation of soil profiles by 
erosion, 142 

Deconposlblon of plant remains, 
optimum conditions for, 500 
Deep red soils longest weathered, 

684 

Deficiencies of soil, attempts to 
measure, 637 

Deforestation aids erosion, 389, 

611,668 

-- and overpao tuning, erosion 
from 631 

-- changes character of erosion, 

454 

-- dangers of, 301 

-- extensive, 328,427,434,652,693 

-- fatal for soils on clay slates, 

525 

-- floods from, 3^0 
Deforested lands, utilization of, 
Deposits, alluvial, partial sorting 
of, 487 

from the air, I 89 
marine and fresh water contrast- 
ed, 44o 

coastal, parallel ridges and 
lagoons of, 440 
Desert clliaates, % 

-- 80 II conditions, Soembawa, 225 
— vegetation, factors which con- 
trol It, 680 

Deterioration of soli under tobacco 
cultivation, 473 
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Detritus, volcanic, component of 
uodlmontary rocks, 11 
Dow affecting hygroscopic moisture, 

65 

-- fonnatlon, 49 

Diabase, 246,260,275,297,308,318,322, 
323 , 341 , 34 3 , 349 , 385 , 390 , 403 , 404 , 

411,417,494,618,681 

-- analysos of, 16,17,26? 

-- crystallization of, 88 
-- porphyrlte, 308,390 

-- soil from, 339 
— tuff, 427,448 
-- weathering of, 89,498 
-- -- to browrish yellow 
lixivium, 324 

heavy clay, 337 

Dialysis, 79 
Dias pore, 8l 

-- lack of flocculating effect 
of, 131 

Dlatome shells, accumulation of, 

fJ)b 

Differentiation of andesitic ash 
In tile atmos])here, 635 
-- -- ash by sea currents, 635 
-- — fine ejecta In the 
atmosphere, 633 

Diffusion of soil ^ses, speed 
of , 69 

-- rate of water in soil. Im- 
portance for plant nutrition, 

488 

Diking and water regulation for 
lebaks, 550 

-- of coastal lands, 493 
Diluvial lake soils, 325 
Diluvium, marine, analyses of, 484 

Dlorlto, 246,260,275,309,314,353,355. 
385,419 

-- weathering of, 498 
Dioscorea, 680 
Dirty yellow marl soil, 585 
Disease resistance affected by trace 
elements, 476 
Diseases, coffee, 479 
Disintegration and weathering 
contrasted, 498 
Dispersion ratio, I3I 
Djaloorans, paddy yields on, 492 
Dollnes (sink holes) In limestone, 

175,176,204,651 

Dolomltlc limestone, 4 19 
Dolomitizatlon, 67 
Double cropping not successful, 5i5 
-- -- on better s m is, 

-- ion mantle theor% , 79 
Dracaena epp., 437 
Dragon's blood, a red resin, 437 
Drainage and irrigation needed, 532 


Drainage, effects of, 446 
-- good. Important for cocos, 

513 

-- In Borneo, poaslbllitioB, 

386 

-- marshy paddy lands need, 578 
-- need of in Lake region, Celebes, 

383 

-- of heavy soils, 591 
-- retarded In tropical high 
forest, 466 

— unusual Importance of, on 
cor to in soils, 591 
Draining listens senility, 285 
-- not always profitable, 396 
-- of coastal lands, 493 
-- -- peat, changcjB caused by, 

540 

-- -- swamps, 654 
Drasland, swamps, 442 
Drizzling rain frequent, 452 
-- rainfall, 456 
Drouglrt belt, subtropical, 423 
-- improves soils, 38O 
-- produces black earth, 379 
Di’y climate more healthy than 
moist, 312 

-- — of Paloe, Celebes, 33? 

-- climates, fertility conserva- 
tion under, 32^^ 

-- creep, 4o8 
-- forest, 673 
-- lakes, 669 

-- monsoon. Intense, makes black 
earth, 324 

-- -- pronounced on Soemba, 2-46 
-- months, definition, 58 
-- wash, 184,690 

-- -- a source for wind erosion, 

190 

-- -- effects Increase with dryness, 

151 

-- -- facilltotes soli erosion, 
140-141,151 

-- -- Iron oxides Increase granular 
state for, 634 

— — of limestone sojIs, 1'('6 
Drying and vetting move surface 
soil, 526 

Dryobalanops aromatlca, 446 
Dune and river levee fonaations 
contrasted, 624 

-- formation, south central Java, 

624 

-- ridge fonnatlon, 578 
-- ridges along coasts, 440 
Dunes, permeability of, 62 
-- sand movement over, I89 
Dunlte, 3^5 

Dust additions to limestone soils, 374 
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Duat carried "by wind long dia- 
tances, 190 

-- quant It lea falling on the earth 

190 

-- wind-home, plant nutrient aub- 
atancea in, 3^2, 5^0 
Duaty black aoil, 2k2 
-- -- from annual burning, 68I 
-- — on pale yellowish subsoil, 

469 

— grayish brownish black soil, 

229 

Dwarf forests on high mountains, 

671 

Dyera coatulata, 546 
Dyes affected by li^^t, IO5 
Dynamometamorphosis, 390 

Earthquakes and landslides, Bali, 

203 

East India Company, 308 
Ebony, a forest product, ?40,343 

— trees should be planted in the 
forest, 313 

Eclogite, 12 

Eddies affecting erosive capacity 
of water, 122 

Eddying movements and silt trans- 
port, 183 

Edible clay. New Guinea, 290 
Efflata rocks, 7 
Efflatas, acidic, 18,532 
-- -- scattered widely, 515 

— andesitic, 303,371,495, 5l6 
-- basic, 532 

-- - - black earth does not form 
on, 684 

-- -- give good soils, 367 
-- basaltic, 371 
-- character of alteration 
in sea water, 5^0 
-- dacltlc, 532 

-- different, have specific ef-* 
fecta on tobacco, 532 
-- distribution of, liparites 
more abundant, 517 

— fresh, 311 

-- intermediate, 532 
-- llparltlc, 532 
-- loose, on Ball, 195 
-- Eanau, 532 

-- rich in iron, black earth 
does not form on, 684 
-- soils developed from are 
better than from rocks, 499 
-- unweathered, 317 

— very loose euid coarse, 676 
-- volcanic, effects of in 

DJambl basin, 5^1 
-- young, 497 


Effusive rocks, 7,10,355,38^ 

andesitic, 371,^17 

-- -- acidic, composition of, 

519 

-- — analyses of, I8 

— — basaltic, 371 
-- -- basic, 557 

— — intermediate to basic, 

618 

— -- llparltlc, 417 

-- -- weatherabillty of, 10 
Ejecta, different^ comparison of 
soils from, 647 

-- from Kloot and Morapl, compari- 
son of, 646 

— — submarine volcano, sorting 

of, 571 

-- greater basicity of, 575 
-- intermediate, Batak Lands, 

30 

Elements, desirable quantities 
of, for plants, 476 
-- Important in rock formation, 

7 

— nutrient, move in cycle in 
forest, 476 

Elephant grass, 435 
Elevation and climatic bolts, re- 
lationships, 113 
-- -- paddy yields, 65O 
-- -- rainfall relationships, 6IO 
-- effect on mlcroorg..nlc activi- 
ty, 107 

-- Incroaso of, increases humus 
content, 368, 535^536, 598 
--of the land and air tempera tur'e 
relationships, 60, 103,331 >357, 
405,453 

-- see also Altitude 
-- temperature, and plant growth, 

103 

Elevations, higher, effect of on 
paddy yields, 504,506 
-- most favorable for coffee, 368 
--of Borneo, 385 
Elfin wood, 280 

Eluvla, brownish red, removed by 
erosion, 366 
Eluvial horizons, 119 
-- -- as to bases, 66I 
Eluvlatlon of finer constituents, 
482 

-- -- finest portions, making 
soil sandy, 453 

Eluvium, brown, parent material of 
red-earth, I50 

— from calcareous materials, 350 
-- red, 162 

Embryonal soil, 316 

End stage in soil weathering, 142 


Endogenous forces of soil fonnatlon, 

71 

Enstatite, 17 

Enzymes in organic matter reduction, 

105 

Eocene, 515 
Eogene, 498 

Epldote, 12,285,353,370 
Equator, solar radiation at, 100,102 
Ei’lca, very acid humus from, 147 
Erodabllity of soils, 135 
Eroded land, Dell tobacco on, 478 
Eroded soil may lack essential trace 
elements, 476 
Erosion, 253,257 

-- affocts profile development, 334 
-- and chemical leaching, 9 
-- by soil flow, 30I 
-- -- water, 121 
-- -- wind, 139 

-- control in coffee gardens, 368 
-- -- in tea gardens, 482,483 

— -- measures more effective on 
some soils, 602 

-- -- methods for, 5^9 
-- cuts off irrigation water, 532 
-- effect of, on distribution of 
soil bases in profile, 602 
-- -- on laterlte profile of, 145 
-- effects of, on fertility of sur- 
face soil, 603 
-- -- on ground water, l4l 
-- -- on soil, profile, l4l 
-- exposes exfoliation, I66 
-- -- laterlte horizon as a "ci’ust,” 
151,348,393 

-- facilitated by alternating vet 
and dry seasons, 287 
-- factors affecting, 121,563 
-- fatal In coffee gar lens, 479 
-- following deforestation, 329,361 
668 

-- from cattle tramping, 63O 
-- -- excessive pasturing, 612,631 
-- gullies in bafjalt lava flow, 620 
-- gully, severe, 454 
-- in coffee gardens, 480,654 
-- -- control of, 368 
.. -- tea gardens, control of,. 482 - 48 ; 
-- -- tropical high forest, 602 
-- insufficient in Borneo, 389 
-- keeps up with weathering, keeping 
soils thin, 406,427 

— light because few people in drain- 
age basin, 538 

-- losses of plant food, seriousness 

of, 489 

— more serious on basic ash soils, 
600 

--of ash in Batak lands, 447 
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Erosion of "bettor aurface soil, 5^3 
-- -- coffee soils, h30y6^h 

— — deforested mountains, 6^2 

— -- equatorial mountain soils 
more detrimental, 279 

-- -- fresh ash, commences in- 
stantly, 930 

-- -- humus soil loaves poor sub- 
soil, 909 

-- -- llparltlc ash deposits, h62 
-- -- marl soils, 6ll,6l3,6lit,621, 

656,657 

-- mountain soils alters pro- 
file, 199 

-- -- pale tuffs, severe, 910 
-- -- shale soils easy, 128 
-- -- soil from llmeatonti moun- 
tains, 691 

-- -- soil over tuff horizons, 239? 

617 

-- -- soils, 626,693 

-- -- factors affecting, 399 
-- -- on clay schists, llO 
-- -- steep slopes, 311 

— -- tuff soil, 239,617 

-- -- tuffs, chai’acterlatlcs of, 

900 

-- -- volcanic alo|)eQ, 619 
-- prevents formation of laterlte 
horizon, 1^8 

-- products enrich lower soils, 

390 

-- progresses with deforestation, 

661 

-- relation to rainfall Intensity, 

963 

-- removes much of the humus, ^99 
-- resistance agalrist, factors 
determining, 128-129 
-- resistant clay, 389 

rosultliig frera excessive nuioff, 
tb9 

-- retarding of, on steep kalngin, 29: 
-- serious, of leached sediments, I98 
-- -- on soils from clay slates, 929 
-- severe, 361,92^,621 
-- -- of soils from llpiaritlc tuff, 

193 

-- on Baroepoe tuff, 362 
“■ -- steep slopes, I32 
-- sheet, 122,283 

-- effects on ground water, ill 
-- In relation to rainfall 99 
" -- not distinguished from 
gullying, 128 
-- -- severe, l39 

*- significance of, on contrasting 
soil types, 600 
-- terracing to prevent, 997 


Erosion, truncation of profiles by, 

269 

-- wind, 139 

-- -- of clays from limestone, 177 
-- llparltlc tobacco soil, ^77 
Eroelveness high, 679,690 
-- increased by humus, 498 
-- of soils and sesquloxldes, 

131 

-- -- under burned grass, 498 
-- variations In, 127 
Eruption of Krakatau, effects of, 

974 

— rocks In northern central 
Java, 660 -661 
Erythrina, 274 

-- sp., shade for coffee, 207, 

208,209 

Eucalyptus, 274,303 
Euphorbia, .169,167,216 
European fruit trees, requirements 
of, 294 

Evaporation, differences In rates 
of, 92 

-- factors affecting, 60 
-- losses, 969 
-- -- from soil, 93,469 
-- of rainfall from vegeta- 
tion, 94 

-- -- water, measuremtuit of, 

91,469 

-- reduced at hlglier elevations, 
oO 

-- relation to the rainfall, 93 
-- surface-*, and capillary rise, 

-- total, from river basin, 964 
Evaporl meter, open pan, 469 
-- wild, 93 

i'bcchange acidity higher In senile 
eolla from basic tuffs, 928 
-- -- variation with depth, 929 
-- capacity of black earth and 
red lixivium, 643 
Exchangeable bases and eroslve- 
ncGs, 128 

Exfoliation of andesite, 166,366 
Exogenous phenomena in soil for- 
mation, 71 

Experiment Station of Java Sugar 
Industry, 379 

Experiments with fertilizers, 
defects of, 477 
Export crops concentrated on 
andesitic lands, 953 
Exposure of certain soils, bad 
effects of, 698 
Extension of the coast line, 
effect upon climate of, 6I9 


Failure under cultivation, 

factors contributing to, 602 
Fallow, very long, for Dell tobacco, 

474 

-- -- neceasai’y to restore some 
soils, 4'/'8 

Fallows caauot compensate for loss of 
original humus, 473 
Farmyard manure, 413 
-- -- C/N mtio of, 110 
-- -- effects of, on tobacco, 

628,699 

-- effects of, on upland rice, 

977 

-- -- fertilizing with, jcil 

-- -- for coffee, 369 

-- -- importance of, for tobacco, 

629 

-- -- Improves physical conditions, 
611 

-- -- need for, 244,391 

-- -- use of, on sandy terra I'osaa, 

293 

Fat greenish gray clay, conditions 
for formation of, 342 
Fatoee, Timor, 260 
Feldspar, 169,218,392,399,389,699 
-- basalts, Ball, 194 
-- basic, 9T4 
-- calcium, 23,79,37,94 
-- -- residue of, 90 
-- -sodium, 16, 403 
-- -containing rocks, vegetation 
better on, 349 
-- crystal angles, 56 
-- -- forms preserved, 622 
-- crystallization of, 66 
-- crystals, 396,966 
-- -- analyses, 24 
-- dust carried by Solo river, 66I 
-- In ash, on the acid side, 634 
-- in limestone, 174 
-- -- volcanic aah, 34 
-- nuclei in granite, 89 
-- potassium '1' ,2'9,79,',’7,94,403 
-- powder, 373 

-- pulverized in streams, jbl 
-- residues, 79 
-- aodliun, 75,76,77,94 
Feldspars , V ,23,24, 28 , ,’6 , 178 
-- absence of, 345 
-- absorb potassium, 374 
-- alkali, 86 

-- -- f?frect3 of basic waters on, 62 
-- -- weathering of, 78,79,63,90 
-- calcareous, in sediment, o64 
-- calcium, effects of basic waters 
on, 82 

-- -- In natural weathering liquids, 

80,81 
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Feldspars, calcium-rich, 83 
-- -- weathering behavior of, 7^^ 

-- carbonic add weathering of, 79 
-- ccmpooltion of, 2 ^,? 7 ; 28 ‘ 

-- dissociation of, 79 
-- effects of sea water upon, 

82-83 

-- ostiniation of, 13 
-- hydrolysis in sea water, O 3 

— important in Timor, 260 
-- Intorrelationshipa, 77 

-- low in calcium, weathering of, 

820 

-- methods of study of, 29 

-- of llparitic ash, weathering of, 

98 

-- results of woatherlng of, 526 
-- secondary, 40 
-- weathered gi^ains of, in old 
mounds, 327 

-- weathering by h’omcus water, BO 

-- -- during river transport, 3o3; 394 

of, 75,00 

-- -- assists granite dccoinijooitlon, 

389 

-- -- products of, ,:99 
Fomic elements, magma poorer in, 638 
Fein, pecullai' to the flood forests, 
870 

-- vegetation produces black color, 

435,458 

Ferns, 430,433,456 
-- soil temperature under, 452 
Ferric hydroxide, behavior, 84 
-- --residue from Olivine, 86 
-- -- see also iron hydroxide 

sol, 65 

-- oxide, 8 

-- -- content of rocks, 518 
-- oxides in volcanic rocks, 618 
lerric hydroylde at ground water 
boundary, 184 
-- 1n col form, 189 

-- segregation in alternating weather- 
ing profile, 184 

Ferrohydroxlde, from darker minerals, 

184 

Ferrous bicarbonate, 85 
-- carbonate, precipitates of, 

189 

-- iron changes to ferric during 
weathering, 889 

-- -- content of ejecta usually high, 

687 ^ 

-- oxide, 8 

-- -- content of rock, 518 
"" see also Iron oxide 
Fertile alluvial soils below steep 
slopes, 432 

— soil nearer volcanic peaks, 517 


Fertility and volcanoes, relatlon- 
ships between, 304,436,506 
-- greater under dryer climate, 
329,807 

-- increased by rivers, 531 
-- lasting, in lower rainfall 
regions, 50 ? 

--of paddy fields compared, 

6(16 

-- -- the soil, estimation of, 

6:i7 

-- reasons for greater, of soils, 

878 

-- studios of, 680 
-- transient in forest soils, 

292 

Fertilization of pastures, need 
for, 329 

-- -- tea soils, 483,896 
-- possibilities of, for in- 
creasing yields, 625 

— with potassium without effect 
on potatoes, 888 

Fertilizer cures paddy root rot, 

368 

-- experiments must include 
minor elements, 477 
-- fish scrap as, 413 
-- heavy applications for pepper, 

413 

-- quantities needed for a hy- 
drogen clay soil, 398 

— requirements of plants, 476 
Fertilizers, artificial, for tea, 

483 

-- commercial, for improving terra 
rossa, 293 

-- -- increasing use of, 58 I 
-- complete, necessary for peat 
soils, 540 

— for paddy, need of, 433 

— importance of for coco palms, 513 

— — reaction of residue of, 687 

— -- on poor soils of, 402 
-- Imported, 305 

— increasing use of, likely, 578 

— more profitable in populated 
regions, 292 

-- need for experiments with, 383 
-- needed for oil palms, 446 
-- — on potatoes, 436 

— — to reinforce poor river water, 
878 

--no effect from use of, 382 

— on paddy, effects of, 368,437, 
443,459,803-804,881,627,689,687 

-- — upland rice, effects of, 459 
-- residual effects of, 628 

— sugar cane response to, 628 
Fertilizing action of Irrigation 

water, 58 I 


Fertilizing effect of the soa, 546 
Ficus rubber planting following 
coffee, 480 
Filled lakes, 669 
Fimbrlstylls dlphylla, 401 
-- globulosa, 402 
Fire clay, supplies of, 4l4 
-- in the grassy plains, 587 ' 
Fires a aerlouc hazard to grass 
and trees, 679 
Firewood, 546 
-- from forostatlon, 694 
Fish planted in paddles, 36 B 
-- ponds, 578 

-- -- constructed along coast, 576 
-- scrap fertilizer, 413 
Fishermen, settlements of, 541 
Fishing, important for subsist- 
cnoe, 539 

Flasser gabbro, 358 
Flecked and flamed rod under 
subaqueous conditions, 65 ? 

-- brown of paddy soils, 580 
-- -- subsoils, 4o8 
-- layer in the profile, 526 
-- rod and yellow, lixivium, 560 : 

-- -- on pale clay of lixivium 
subsoil, 580 

-- -- -yollow-whlte-brown-oi'ango 
subsoil, 525 
-- soil colors, 164 
Flocculation, hind er(xi by micella, 
81 

-- of soil colloids, 131 
Floods, serious, 546 
Flora, relation to soil profile 
development, 148 
Flourlne, 8 

— nutrient relationships of, 4oC’ 
Flowing of soil on slopes, 3 OI 
Flyach, 260,265,297 

Fo sau kak, an organic iron 
horizon, 4l0 

Fogs, early morning, 452 
Fohn winds, 60,314,425,538 
Food crops fostered in Celebes and 
Java, 399 

-- -- relation to aolla, 629 
F oramlnif ora , 11,88, 177 , 178 , 561 , 

886 , 658 , 659,689 

— abundant in marine marl tuffs, 

622 

-- from the marl ridge, 664 
-- in deep sea sediments, 438 

— lime, 261 

Forelands, fertile, Sumatra, 53 
Forest, a pure stand of, IndlcAtoi’ 
poor soil, 303 

-- cover, density on Sumatra, 425 
-- crops; nutmegs, cloves, 3^4 
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Forest deciduous, and intermittent 
weathering, 

-- destruction facilitated soil ero- 
sion, 670 

-- effect on soil moioture of, 6l 

-- fires, annual, 68] 

-- -- impossible, 302 

-- heavy, used for coffee produc- 

tion, 55*0 

-- huimis, importancei of conserving, 

670 

-- .^inds, uncleared, inl'ertlle 

— moss; , at low elevation on 
Sumatra, 524 

--on bleached soil, mtxleat 
requirements of, 361 
-- products, Bonioo suited for, 402 
-- -- collected, 536 
-- regulates stroam flow, 433 
-- slow return on leached 
sediments, 497 

-- soil conditions restored by 
long fallow for tobacco, 474 
-- soils on gabbrofj, 358 

— tropical high), 263 , 425 , 450 , 456,470 
-- — effect upon percolation, 465 

eolation, 465 

-- -- humus in soils of, 311,475 

-- -- products from, 3,40 

-- -- residual effects on tobacco, 

473 

-- -- retarded drainagb in, 46 o, 

472 

.- -- unbroken, 427 
-- -- where undlstui’bed can continue 
good, 498 

-- undisturbed conserves fertility, 

498 

Forestation to conserve soil and 
water, 694 

-- developing for more products 
340 

-- effect stroam flow, 679 
-- should not be cleared from 
certain soils, 658 
-- alow, growing, 34 l 
Fessll lahars, 514 
-- red -earths, I50 
-- soil under recent tuff 
profile, 644 

Fosslia in sedljnonts, I87 
Foyalte, analysis of, 263 
Fresh water and marine deposits, 
differences between, 440 
Frost, minimum elevation for, 45 
Frosts on high mountains, possi- 
bility of, 331 
Fruit growing region, 661 
raising, 313>3T,693 


Fruit raising by natives, 304 
-- — possibilities of extonslun 
of, 259 

— trees, European, roquirementa of 

294 

FiTiits grown on rod soils, 58I 
Fuel, rrangrove, 445 
Fiuoe roles, Ball, I96 
Fungi affected by trace elements, 

476 

Fungus mycelium, C/n ratio of, 110 

Oaba (upland rice), k'j] 

Gabbro detritus, coffee soils 
from, 368 

-- weathering of, 498 
Gahbros , 246 - 260 , 275,296,308, 324 , 
34 l, 343 , 349 , 353 ; 4 ? 7 , 44 l, 6 l 8 
-- crystallization of, 88 
-- make better soils, 352 
-- soils on, 352, 358 
Gambler, 401 , 40 P, 4 l 4 ,535 

— soil requirements of, 

483 

Garnet, 12 , 76,370 
GtuTilerlte, nickel, residue from 
peridotltea, 346 

Gas exhalations in noil formation, 

71 

-- occluded, 23 

-- absorbed on solid 80.il ^jartlclee, 

68,70 

-- in magmas, ( 

-- -- the soil. Puna, 68 
-- more dissolved in acidic 
magmas, 515 
Gebang palms, 273,274 
Gel state of kaolin, 79 
Gels, a mixture of silicic acid 
and kaolin, 80 

Genetic basis for soil research, 
first use of, 4 b 2 
Gi-ographera, 55 

Geological map of Java, 555,598 
-- maps of Sumatra, 41 ',’ 

Geologists, 556 
Geschlobe, the bed load of 
stream;?, l 84 
Gibbs Itc, 61 
Glass, 7,178 

-- acid, white, analysis of, l 4 
-- basic, black, analysia of, 

14 

-- black, iron-rich, easily 
weathered, 89 

-- -- weathering product a of, 

89 

— colorless, 684 

— -- weatherablllty of, 9 
-- dark colored, 689 


m. 

Glass, dark colored, w.-atherlng of, 

634 

-- -- in limestone, 174 
-- heavy, in Krakatau ash, 23 
-- high in silicon falls less 
rapidly, 647 

-- importance of, in acidic 
erupt iveo, 28 

-- in volcanic ash on acidic side, 

634 

-- iron-free, 

-- -- in the form of, connoquencea 
of, 634 
-- — rich, 7 

-- -- weatherablllty of. 9 
-- need of determination of amount 
of, 451 
-- pale, 689 

-- -- in liparltic ash, rapid 
weathering of, 95 
-- particles in aah, more at 
greater distances, 452 
-- physical condition of, in 
liparltic t’ui’f, 452 
-- proportions in ash, sorted, 56O 
-- -rich ash sorted from andesitic 
eiTiptlons, 633 
-- -- silt in sediment, 664 
-- rocks rich In, difficulty of 
doberaiinatlon of, 558 
-- volcanic, 4 '|^ 6,517 
-- -- amounts in liparltic t’uff, 

452 

-- -- ara lysis of, 24 , 25 
-- -- change of color, 86 
-- -- colorless, 19 
-- -- dark, 560 
-- -- phosphcunis in, 13 

weathering of, 88,90 
-- -- weathers to clay, 486 
-- wcatlioring products of, 526 
-- white, difficultly weather- 
able, 544 

Glasslike products leas important 
on Java, 033 
Glauconite, I7I' 

-- method of formation of, 287,560 
Glauconitic substances, 585 
Glaucophane, 370 
-- schist, analysis, 39 
Globigerina, l'i'8 
-- in marls, 495 
-- -- Maroro formation, 353 
-- ooze, 266 

Globlgerlnaa in red lixivium, 622 
Gneiss, j 22 , 355 , 36 l., 370,515 
Gneisses, soils developed from, 524 
Goethite, 131 * 

-- crystallized from iron hy- 
droxides, 621 
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Goethito, development of, reduces 
permeability of soil, 602 
-- formula of, 86 
--in soil, does not affect clay 
character, 407 

.Gold deposits a reason for geologi- 
cal study of Sumatra, 417 
Gradient of land affects water 
movement, 62 

Granite, 10 , 229 , 275 , 296 , 297 , 330 , 
333 , 355 , 360,385, 404 , )a 9 , 441 , 

)i47, 504, 515, 534, 538 

-- apllte, analysis of, I6 

— hlotlte, 403 

analysis of, 519 

-- chemical weathering of, 409 
-- detritus, coffee soils from, 

368 

-- effect on well water reac- 
tion, 74 

-- orthoclase-contalnlng, 
weathering of, 83 

— pale brownish yellow 
Ifxivla from, 324 

— plastic black clay from, 

324 

-- rapid weathering of, 334 . 

338 

-- recently disintegrated, 
nutrient supply of, 524 
-- soil from, gave no fertilizer 
response, 382 

-- -- unsultod to pepper, 4 ll 
-- -- profiles developing on, 

524 

-- soils from, 334 , 337 , 360 , 361 , 

390,506,524,585 

-- -- coconut yields lower on, 

513 

-- -- impoverished, 498 

-- -- of little value, 427 , 460 , 

506 

— subaqueous weathering of, 

408 

-- weathering of, 95 , 408 , 427 , 

498,527 

-- with mica schists, 494 
Granites, analyses of, I6 
-- character of soils from, 

324 

-- composition of, 17 
-- crystallization of, 88, 

89 

— Irrigation of soils from, 

326 

-- sand from, 56I 
-- subsoils from, ash on, 

529 

-- weathering of, to soil, 

334 


Granites, weathering products from, 

160 

Granitic massivea, in west Java, 

572 

-- -- richer soils from, 390 
-- regions, soils of, 322,359 
-- -- water from, 96 
-- rocks, composition of, 15 
-- soils, excellent citrus 

raised on, 460 • * 

Granltite, of Sumatra, composition, 

15 

Granltltes, hornblende, 403 
-- mica, 403 

Granodiorite, 242 , 309 , 330,515 
-- blotlte, analysis of, 519 
-- -porphyrlte, analysis of, 

519 

Granular analyses of soils, 47 , 

160,485,487 

-- analysis see also 
Mechanical analysis 
Granulation of clay soils, 66 
-- — heavy soils increase 
erosion, 140 
Graphite, I65 
Grass, elepheint, 435 
-- plains,, excellent, 267, 2' (’3 

— sod affecting permeability, 

127 

-- vegetation, burning of, gives 
black soils, 498 
-- -- climatic conditions favor- 
ing, 538 

Gravel banks, l 84 
-- -- classification of, I87 
-- horizon, formation of, in the 
profile, 526 

-- movement in the soil, causes 
of, 526 

-- permeability of, 126 
Gray allochthonous soils, 471 
-- amphibian soils, 398,537 
-- and grayish soil tints with 
subaqueous weathering, 466 
-- brown soils on tuffs, 377 
-- coastal soil, mnner of for- 
mation, 580 

-- color changes to brown after 
draining, 684 

__ -- perslstj^ce of, in paddy 
soils, 580 

— dark, of subaqueous coastal 
soils, 44 l 

-- earth, development of, on 
pale tuff, 652 

-- — from andesitic tuff, 64 l 
.. -- tuff, manner of formation 
of, 634 

— - tuff, 647 


Gray heavy clays in depressions in 
red lands, 684 

-- — cracking soil in white tuff, 

635 

-- light, of Juvenile soil material, 

430 

-- marsh clay, 687 

— pale, with reddish cast, 44 l 

-- rusty sandy loam from granites, 

359 

— shades from dark ash, 67O 

— -- humus, 670 

-- soil color from bleaching of 
iron, 374 

-- -- considerably leached, 58I 

— — from subaqueous weathering, 

683 

-- soils change to brown, 682 
-- -- from marls, 595; 656 
-- subaqueous lixivium, 537,624 
-- subaqueoualy weathered soils, 68 ? 
-- aubaoll, but no peat above, 552 
-- threaded with brown of amphibian 
land, 591 

-- to black marl soil on marls, 

652 

-- -- grayish soils, poorly drained, 

684 

-- -- aubaqeouB soils, 690 

-- -- white soil under swanp water, 

547 

Grayish black granular soli, 34 ? 

-- -- marly clay, 689 
-- -- soil on basalt, 617 
-- -- strongly cracking clay, 438 
-- brown humous surface soil, thin, 

525 

-- -- Juvenile soils, 668 
-- -- lixivium, 653 
-- -- from granite, 5?4 
-- gray Juvenile soils, 668 
-- rod ejecta, 685 
-- white clay from amphibian condi- 
tions, 438 

-- -- to pale brown sandy lixivium, 

525 

-- -- subaqueous soil in swamps, 445 

-- yellow lixivium from granite, 498 

-- -- subsoil, 689 

-- yellowish brown lixivium soils, 

Graywacke-slate, 297 

Graywackes (groyvackes) , 330,419 

— soils from, 301 

Green manure for tea, Leucaena glauc^i 
as, 482 

-- manures, 305 

-- — fruits, 581 

-- -- tea soils, 483 

-- -- importance of, for Cinchona, 

509,510,599 
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Green rnanurea, need for experiments 
with, 383 

-- manuring coiinteracts cementing 
tendency of ash, 677 
-- — deslrahle for cocos, 513 

for coffee soils, 320 

-- — rejuvenating coffee soils, 

507,508 

-- r- hastens weathering, 321 

— - need of, 219,351 

— -- needed hy cinchona and 
tea soils, 509,510 

-- -- of tea to offset erosion, 

600 

on Ball, 205 

— -- to lii5)rove physical condi- 
tion,- 611 

— — prevent soil erosion, 

655 

-- pyrosenea, 66I 
Greenish gray clay, conditions 
for development of, 3^2 
-- ore, development and move- 
ment of, 392 

Grinding of load by streams, 185 
Ground water elevation and water 
movement, II5 

-- -- factors affecting, 63,61 
-- -- level, effect of vegetation 
on, 62 

-- -- for laterlto formation, 3^8 
-- — position, determines 
weathering type, 15I 
-- -- replenishment, 61 
Gully erosion, 122,133-13^^,141 
-- -- factors affecting, 132 
-- -- of earlier tuffs, I5I 
-- -- tuff, very deep, 366 
-- -- serious 361,154,169 
Gullying not distinguished from 
sheet erosion, 120 
-- of tuff, 356 

Gypsum, development of, in the 

profile, 162,178 
-- efflorescence, Soembawa, 22l 
-- In soils, 566 

Hall, 49 

-- ore forme In marl soils, 656 
-- -- In amphibious weathering, 

161 

-- in black earth, 688 
-- — (iron concretions), 159, 

175,350,374,391,546,590 

-- precipitation of, 571 
Halfoers, Halmahera, 312 
Alloys ite, 77 

condltlona favoring 
formation of, 527 
-- low abeorptive capacity 
for bases, 527 


Hardpan, Iron concretionary, 153 

— red iron, Soerakarta, I36 
Harzburglte, 336 

-- analysis of, 347 
-- constituents of, 345 
Heat from the sun, 99 
Heath profile of Central Europe, 
147 

Heaviness of soils, degree of, 
642,682 

Heavy clay loams, difficult to 
handle, 626 
Hematite, 131,359,664 
-- crys tall zed from iron 
hydroxides, 621 
-- developed in deep sea sedi- 
ments, 324 

-- development of, reduces per- 
meability of soli, 602 
-- formula, 86 

Hemlpterons, a paddy pest, 607 
Hevea, modest nutrient require- 
ments of, 568 

-- -- soil requirements of, 446, 

551 

-- peat an unfavorable soil for, 
540 

-- plantations, soils and 
topography of, 596 
-- planting on talang, lands, 

543 

-- replaced unproductive coffee, 

655 

— mbbor, 4 00 

-- — leas exacting than Ficus, 
480 

-- -- may follow gambler, 484 
-- -- planting, 402,446 
-- soils and elevation for, 588 
-- water requirements of, 466 

— zone, 589 

High forest, tropical see 
Forest, tropical high 
Highways, cultivation follows 
construction of, 508 
-- In^jortance of, In fostering 
agriculture, 532 
Hilly country, altitudes and 
tempera tures of, 113 
-- land, barren and dry, 352 
Historical geology, 5 
Horizons differentiated from 
layers, I89 
-- eluvial, 119 

— illuvial, 119 

-- of a profile. Importance of 
the various, l46 
-- -- the soil profile, 119 
-- -- profile, designations of 
120 


Hornblende , 7 , 12 , l4 , 1 6 , 29 , 185 , 3 50 , 

370, 389, **19, J-SS, '*56,1*69, 1466, 

'*95, 1*99, 511*, 517, 557, JT**, 579, 
655,656,659,681,6611,689 

-- among magnesium compounds, 86 
-- andesite, 213,314,428,560,567, 
583,584,632,660 

-- -- blotlte, 449 

-- -- brown to reddish brown 

lixivium from, 585 
-- -- laccolith of, 654 
-- -auglte -andesite, 429 
-- -- analyses of, 221 

-- brown, need of determination of 

amount of, 451 
-- crystals of, 13 
-- dacite, propylltlzed, 449 
-- falls more rapidly from the 
air, 647 

-- gives rise to red Iron oxide, 87 
-- granite, conposltion of, I5 
-- granititea, 403 
-- green, need of determination of 
amount of, 451 
-- in limestone, 174 
-- -- volcanic ash, 34 
-- -- weathering of liparltlc ash, 

95 

-- iron In form of, 634 
-- occurrence In ejecta, 588 
-- powder, 373 

-- pyroxene andesite, analysis of, 

30 

-- supplies Iron hydroxides, 634 
-- weatherabllity of, 9 
-- weathering of, 85, 90 
-- -- In dunes, 624 
-- weathers to colloidal Iron 
dioxide, 557 
Homfols, 404,419 
Homs tone, 12,6l8 

Humic acid environment, weathering In 

8? 

Humid climate decreases permanent 
fertility, 292 

Humidity, high, of atmosphere, 405, 
425 

-- relative, high d^irlng ni^t, 452 
-- uniform In Borneo, 386 
Hiunificatlon of organic matter, 98 
Humous forest lands needed for coffee 

550 

-- horizon lmpoi;tant for nutrient 
supply, 524 

-- soli under high forest, varies 
with elevation, 525 
-- -- lnq)ortance for tea, 596 
-- -- rapid exhaustion on senile, 
poor subsoil, 551 
-- soils In forests on gabbros, 

358 
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Humous surface soil on Juvenile 
material, ^30 
-- -- mountains, 

-- -- aeriousnoss of loss by 
erosion of, H89 
-- water, effect on foldsi^ara, 

80 

-- -- reaction of, 73 
Humus see also Organic matter 
-- acids, effect of on 
colloids, 80 

-- adequate forest, desirable for 
tea, 909 

-- adsorption by, 70 

— beneficial effects of, ^75, ^68 
-- colloids, 86 

-- -- assist movement of 
sesquloxldes, l^f 
-- content adequate because of 
elevation, 9"6 

— -- considerable, 496 
-- -- of coco soils, 913 

— .. forest soils increases with 
elevation, 337,361,360,368,467 , 

498,924,927,939,998 

-- of New Guinea soils, 283 
-- -- surface soil low, 209,438 
.. -- tobacco soils, decline of, 

61.' 0 

-- -- virgin forest lands low, 

909 

-- counteracts cementing tendency 
of ash, 6'('7 

-- decomposition retarded by low 
temperature and low pH, 496 
-- disappears faster on basic 
soils, 600 

-- -- first from upper plantings 
in Dell, 478 

-- formation, composition, and 
decomposition, 109 
gives darker color to surface 
soil, 929 

-- high content of, in black dust 

soil, 469 

-- holds surface soil in place, 

910 

-- illuviation of, 494,600 
-- ImpervlouaneBs of soils with- 
out enough, 487 

-- Importance of, for supplying 
trace elements, 476 

from tropical high forest, 

473 

-- to Cinchona, 999 
--in artesian well water, 7:5 
— red soils, nature of, 470 

the soil, 97-99,107,108 

-- -- moderate at higher eleva- 
tions, 617 
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Humus in tropical high forest 
soils, 311 

-- -- origin of, 479 

-- -- soils, 70 

-- increases eroslvenoss, 498 

— — pervlousnosa at higher 
elevations, 522 

— — water-supplying power 
of soils, 673 

-- living, needed for red 
lixivium soils, 98I 

— loss high from erosion, 499 

— -- following forest clear- 
ing, 927 

-- makes surface soils more 
erosive, 324 
-- matter, true, 199 
-- physical and chemical bene- 
fits of, 488 

-- quality affected by under- 
lying horizons, 439 
-- requirements of gambler 
high, 484 

U69, — — slShl moderate, 483 

-- restoration by long fallow 
for tobacco, 474 
-- -rich ore, limitations on 
foiTuatlon of, 147 
-- soil richer in, in karang 
holes, 392 

-- sols as protective colloids, 

89 

Hydrargllllte, 81,93 ,94,398,392 
--a residue of leaching, l44 
-- crystallized from aluminum 
hydroxide, 90 
-- scales, 131 
Hydrochloric acid in crater 
water, 80,668 

Hydrogen clay, 399,449,910 
-- — from leaching of marine 
clays , 938 

— — Important in Atjeh 
soils, 427 

-- -- impractical to lm])rove, 

398 

-- — reduced by burning, 413 
-- — time needed for forma- 
tion, 442 

-- — transformation of lands 
into, 400 

--In the soil atmosphere, 69 

— peroxide, 105 

-- -sodium clay, 910 
Hydrolysis, effects on crystal 
bonds, 89 

--of alkali feldspars, 78 

— — andesitic ash, 90 

-- -- feldspars In sea water, 

83 


Hydrolysis of olivine, results of, 346 
-- — pyroxenes, results of, 346 
Hydrolytic acidity, high, 4l4 
-- -- higher in senile soils from 
basic tuffs, 928 
-- -- variation with depth, 929 

— weathering, 77 
Hygroscopic water, 49-46,63,69 
Hygroscoplclty, 46,70,690 

-- range of, 69 

-- values and soil color changes, 486 
Hypersthene , 7,23,28,29,86, 469 , 486, 
997,960,974,699,668 

— andesite, 29,213,218,399,997,632 
-- -- analyses of, 30,32 

-- -- abundant on Mlnahasa, 3l4 
-- basalts, Slamat, analyses, 32 
-- columns. In volcanic ash, 633 
-- composition of, 14,24,29 
-- crystals, ueijaration of, 24 
-- dacito, analysis of, 921 
-- falls rapidly from the air, 647 
-- gives rise to red iron oxide, 87 
--in sediment, 664 
-- need of detemiination of amount 
of, 1)51 

-- not In ojecta, 656 
-- weatherability of, 9 
-- weathering of, 89 
-- -- in dunes, 624 

Ice ago, Soenda platform dry in, 46'i’ 
Igneous rocks, 9,246,389 
-- -- important in New Guinea, 276 
-- -- soils on, 390 
Illuvial clay horizons resist 
erosion, 139 

-- horizon of mottled clay, l48 
-- horizons, 11.9 
-- — as to silicon, 66I 
-- -- changed to eluvial by erosion, 
142 

Illuviation of clay, 698 
Ilmenlte, 24,94,493,997,960 

— analysis of, l4 
--in emdeslte, 92 
--roolatant to weathering, 634 
-- sorted from volcanic ash, 633 
-- weathering of, 87,624 
Imperata cyllndrica, 62 see also 

cogon 

— erosion not stopped by, 329 

-- sp., 223,240,241,283,303,309, 
336,337,338,352,386,1*29,1*30, 

1*33, 1*35, '♦50,452,456, 1*69, 538,5'*3,:';'3 
Impervious clay makes subaqueous 
conditions, 649 

-- soils from rocks with little iron, 

924,634 

-- -- water economy of, 66 
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ImpervlouflnGaa of aoila without 
enough humua, ^487 

-- prevents roots obtaining moisture 
and nutrients ; 638 
Impoverluhment of sol la behind the 
coastal Strip, i+00 
Indicator plants for pepper soils, 

4I43 

Indigo, soil atmosphere near roots 

of, 69 

Infertile black humous soil, Md 
-- soils, ?93;398,^11 
-- -- d-iaracteriatica of, 6OO 
-- -- Indications of, 338 
Infiltration, factors which affect, 
122 

--of rainwater, 61,62 

-- rate, aa affected by vegetation, 

62 

Insect control by rotating cotton 
with paddy, 669 
Intermedlate-acld rocks, soils 
from, V30 

-- and basic volcanic rocks, 
analyses, 31 

-- less acid, rocks, analyses, 

920-921 

•- volcanic rocks, 18,997 
Intermittent leaching, results of, 

698 

- - weather 1 ng , 08O - 68 1 
-- -- later Ito formation under, 191 
-- -- produces rod lixivium, 6'/’3 
Intermittently leaching out 
weathering, 119 

Intractably heavy soils from marls, 

612 

Intrusive rocks, 6 

Inversion of soil thru cracking, 

170,692 

Iodine, 912 

Ionic replacements. In weathering, 

77 

Iplllpll 27^ see also Leucaena 
glauca 

Ipomoea batatas, 2'i'3 
Iron, 7 

-- a residue from weathering, 

559 

-- amoimt In parent rock gives 
color Intensity to soil, l99 
and nickel ores, lateritlc, 

behavior In black soils, I68- 

169 

'■ -- of, in presence of weathering 

liquids, 84,89 

-> bicarbonate in swamp soils, 199 
-- bivalent, absorption by montmorll- 
lonlto, 527 


Iron, cocos possibly need, 913 
-- cbmpounds, behavior of, In 
presence of humous water, 85 
-- — changes of, during weather- 
ing, 90 

-- -- effects upon colloidal clays, 

131 

-- — Increase of, In paddy soils, 

982 

-- -- movtiable below pH 4.9, 496 
-- __ peptization of, 86 
-- -- solubility of, depends upon 
reaction, 64 

-- concretions, 24o,4o8, 409,410, 

987 

-- -- a possible source of Iron, 

391 

-- -- conditions favoring develop- 
ment of, 374,901 

-- -- develop after migration of 
Iron, 692 

-- -- In narl soils, 696 
-- -- zone of aeration, 342 

over Impervious subsoil, 683 
-- -- with pH changes, I89 
-- -- funnat Ion and transforma- 
tion, 391 

-- -- fonration of, 972 
-- -- In drowned land, 147 
-- -- with pH above 4.9, 971 
-- -- from Iron hydroxides, 390 
-- -- horizon of formation, 944 
-- -- In alternating weathering 
profile, 194 
-- -- black clay, 619 
__ earth, 379,688 
-- -- paddy soils, 962 
ovarap soils, 199 

-- -- pH limitations on formation, 
172 

-- -- red to reddish yellow little 
’’stones,” 4ll 
-- — see also Hail ore 
-- -- small, round, 990 
-- -- summary of positions In 
profile, 162 

-- -- under amphibious conditions, 

301 

-- -- weak, 4 11 

-- conditions favoring movement of, 

84,37^ 

-- -containing material, weathering 
of, 391 

-- content high makes weathering 
easy, 677 

-- -- weathering of rocks of, 342 
-- -- not high, results in paler 
lixivium, 4.30 

-- -- of acidic effuslves, 919 
-- -- ash decreases with distance 
from crater, 633 


119 

Iron content of basic Igneous rocks, 
373 

-- -- parent rock determines soil 
character, 924 

-- -- parent rock deteimlnes soil 
color, 499 

-- -- river water, 398 
-- -- volcanic rocks, 997,998 
-- -- too low to form red earth or 
1 'ight brown lixivium, 696 
-- dioxide, a weathering product, 

957 

-- effects of increasing amounts 
of, in parent rocks, 323 
-- ferrous and ferric, behavior In 
weathering, 84 

-- -- In paddy soil, demonstration 
of, 582 

-- forms hail ore, 696 
-- -- of, in tuffs, 960,561 
-- gray and greenish formij of, 
oxidize to yellowish brown, and 
red, 493’ 

-- hardpan, I36 

-- high content furthers oxidation 
of organic matter, 587 
— hydrates make red water, 536 
-- hydroxide, 395,403 
-- -- a residue from olivine and 
pyroxene, 3 ^^6 
-- -- adsorption by, 70 

colloidal, 131,558,568 

-- -- crusts on stones, 65 
-- -- precipitated as iron concre- 
tions, 390,375 
-- -- in the soil, 287 
-- -- red soil color caused by, 634 
-- -- reduces heaviness of soils, 

599 

-- -- replaces sand, 449 
-- -- retards cementing to tuff, 077 
-- -- soil porvlouanesB affected 
by, 373, <->02,621 

-- hydroxides, conditions under 
which they remain hydrated, 499 
-- -- dehydrated and crystallized, 

621 

-- -- by sea water become red, 
‘*99,5B0 

-- — dehydration of, reduces per- 
meability, 602 

-- -- fixation of phosphonis by, 87 
-- -- varying proportions of, 68I 
-- Importance of form In which it 
occurs, for soil foimiation, 634 
--in form of glass, effects of, 

634 

-- -- form of hornblende, effects 
on soil, 634 

-- -- intermediate rocks, 521 
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Iron increases perviousness, 622 

weatheratility of volcanic 

glass, 63^ 

-- leached by swamp water, 6^5 
-- from aii5)hibian soils, 398 

out, 398,626,671 

— looseness of soil caused by, 668 
-- low content in tuff, 66O 

-- magnetic, crystallization of, 88 
-- metaailicates of, 518 
-- migrates at lower pH, 652 
-- -- easily weathered, 957 
-- -- with much, fall more rapidly, 

6U7 

— mobile under more acid condi- 
tions, ^08 

-- mobility Increases with lowered 
temperature, 1^7 

— more Important than silicon in 
soil formation, 63^ 

-- -- in ash nearer crater, 96O 
-- movement due to micro-local 
differences in pH, 60* 

-- nutrient relationships of, t60 
--of parent rock affects soil 
perviousness, 33^ 

-- ore, 93,2^1,^56,i^66 
-- -- analyses of, 3^7 
-- -- bean, analyses of, 376 
-- -- brown, 131,178,^03,560 
-- -- formula of, 9^^ 

-- -- layers of, ^^11 

— — transformations of, 86 
- -- concretionary, ii08,i;69 

-- -- concretions, brown, in 
laterltlc soils, 375 
-- -- deposits, 375,391 

— -- development of, 392-393 

-- -- earthy, manner of cementa- 
tion of, 393 

-- -- formation in the tuff plain, 

571 

-- — fragmental, directly from 
serpentine, 393 

-- -- from perldotlte, 345,3li8 
-- -- hard, stone-llkc, 391 
-- laterltlc, 3^9,59^ 

-- -- magnetic, 3^, 392, ^+69 

-- -- weathering of, 87 

-- -- massive concretionary, 391 

— -- plsolltlc, occurrence of in 
tuff plain, 571 

-- - regions of Borneo, 415 

-- — solid, analysis of, 351 

— -- swamp, 336 

-- -- utlllzable, 374 

-- oxidation of, 84 

— oxide, 77,78,359 

-- -- aging and transformations 
of, 144 


Iron oxide, cementing effects of, 
410,592 

.. -- colloidal, effects on per- 
viouaness of, 634 
-- -- coloring of soils by, 87, 

390,622 

-- — from weathering of granite, 

408 

— -- high in basalts, 618 

-- -- hydrates, brown, more mo- 
bile in soil, 4o8 
-- -- in red lixivium, 622 

illuvial, 594 

-- -- masses, cause of the cement- 
ing into, 509 

— precipitates in sediments, 

189 

— — quantities too low for con- 
cretion formation, 501 

-- — red color of, 175 

-- -- crystallized to goethlte, 407 

— -- subaqueous leaching of, 408 
-- -- various states of, I3I 

-- oxides brown to yellow, soils 
looser and light, 68I 
-- -- crystallization from above 
downwards, forming laterite, 

393 

-- -- dehydrated make soils heavy 
and plastic, 68I 

-- -- from dark minerals increase 
perviousness of soils, 639 

— — masses of, capping elevations, 

572 

-- -- moveable below pH 4.5, 571 
-- -- red, dehydrated, less mobile 
in the soil, 408 

-- -- source of red color of, 324 
-- -- translocation of, 391 

-- varying proportions of, in 
lixivia, 681 

-- oxyhydrate, absorptive capacity 
of, for gases, 70 
-- -- binding material for pseudo- 
sand, 150 

-- -- brown color of, 175 

-- -- threads of, I60 

-- -- changes to iron oxide, 175 

— — conditions for movement of, 

145 

-- -- from amphibolites, 350 

— gradually loses water, 393 
-- -- increases erodablllty, by 

wind, l40 

-- -- not leached from soil, 3^2 
-- — of laterite cruet, 151' 

.. — over bleached clay horizon, 

154 

-- -- physical characteristics, of 
148 


Iron oxyhydrate, precipitation 0^ i; 
-- -- transformations of, 86 
-- parent rocks rich in, charac- 
ter of soils from, 324 
-- phosphate in concretions, 378 
-- physical effects in the soil 
of, 582 

-- -poor, acid magma, 656 
-- -- volcanic ash, erosion effect y 
on, 600 

-- -- ash sorted from andesitic 
eruption, 633 

-- — colorless glass, 626 
-- — ejecta, 643 
-- -- rocks, impervious clays 
from, 265 

-- -- trachytes, jaler soils 
from, 374 

-- -- tuffs, clay from, brownish 
black, plastic, ;^74 
-- -- tuffs not tne parent mte- 
rial, 

-- poverty in, I'omiits amihlbian 
conditions to develop, 500 
-- precipitated In sea water, 

287 

-- removal from finest fraction, 

I'lO 

-- -rich accessory materials, 

690 

-- -- basic volcanic ash, 600 
-- -- efflatas, black earth does 
not form on, 684 
-- — minerals, 642 
-- -- rocks, 316,336,378 
-- -- soils from, 265 
-- -- senile alluvium, 571 
-- -- volcanic ash, 56O 
-- rooks low in, 4l8 
-- sand, mgnetlc, 373 
-- -- magnetic in lixivium, 557 
-- -- little effect of on soil, 6 .-.m 
-- silicate, purplish red, in poor 
soil, 381 

-- dillcloua, a tuff impurity, 

365 

-- smaller amounts in sedimentary 
rocks, 582 

-- smelting of, from liioDnlte, 33 '- 
-- soils from rocks low in, 509 
— — poorer in, more apt to fall 
under cultivation, 602 
-- -- richer in, darker brown and 
red, 528 

-- soil richer in, from basic 
volcanic materials, 427 

stone, black and reddish brown, 

571 

-- -- used for road surfacing, 571 
-- titanic, crystallization of, 86 
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Iron transformatlona In weathering 
of marine aedlmenta, 497 
-- trlvalent, aheorptlon hy 
montmorlllonlte, 527 
-- unweatherahl'e, in form of black 
magnetic sand, 557 
- variation in amount a of in 
ejocta, 

-- veins, 4l0 

-- wood, a forest product, 4 00, 4 02 
Irreversible weathering processes, 

468 

Irr Igat 1 on, 205 , 218-219 , 553 , 581 
-- diversion for, complicates river 
discharge date, 564 
-- extensive on volcanic soils, 
Southem Sumatra, 5.36 
-- for paddy cultivation, 442, 44^, 

491,578,687 

-- -- soil rojivenation, 689 
-- -- too .juvenile ash lands, 32(., 

677 

-- importance of, 102 
-- Increases productive capacity of 
lands, 581 

-- makes lower lands more valuable 
than slopes, 457 
-- maps, Java, [AU 
-- necessity for, 225 
--of granitic terrain, Celeboa, 

326 

-- on acid tuffs, risks of, 554 
-- possibilities, 244^;d.3 ,,:19, 

320,397,554 

-- water, fair to good, OO9 

-- -- from Juvenile volcanic slopes, 

589 

-- -- sediments, not so poor, 350 
-- -- good, compensates for poor 
paddy soli, 382 
-- -- high quality, 587,667 
-- -- low quality, 306 
-- -- need of analyses of, ;28 
-- -- nutrient content, importance 
of, 581,596,622 

of, 326,5^6,595,649 

-- variable quality of, olO 

lava sea, formerly di'y, 572 
dolutong, 546 
d'ora, 4 19 

duvenile ash depoalta, tobacco 
thrives on, 488 

— aolla, without profiles, b4l 
black dust soils, 467 
grayish brown lixivium 316 
" sand and silt, river transported, 
440 

sandy p\mlc© soils, favorable 
for cocoa, 513 


Juvenile sandy tuff rnetorlal trans- 
ported to plains, 429 
-- soil contrasted with eenilo, 600 
-- -- material light gray, 430 
-- -- with much basic ash, 5,31 
-- aolla more fertile, 430 
-- -- on mountains, Java, 155 
-- stage in soil weathering, 142 

Kaingin agriculture, requirements 
of, 491 

-- cultivation, 232,235,293,302, 

343,472 

-- — imperative for Dell tobac- 
co, 4'('4 

-- -- Imperative for gambler, 464 
-- -- of u})land rice, 319,:99,4ll, 
536,540 

-- -- see also Kalngining 
Kaingined forest lands, 450,594 
Kalngining, 213 ,242,204, 5c4 
-- deotriictlon of forests by, 

278,543,653 

-- given up, 4 14 
-- importance of, upon soil 
characteristics, 474,543 
-- intensive, 326 
-- low intensity of, suggests low 
fertlLlty, 30 ",325, 499 
--of cogonala, 435 
-- -- kasang lands, 546 

poonu’ soils, 534,536 
-- -- red earth, 352 
-- -- slopes where ].opul.ation 
pressure greater, 457 
-- permits gi’anulation and tro- 
sion of clay, 389 
-- reduct^s chances of soil re- 
cuperation, ■'42 
-- results of, 573 
-- see also Kaingin cultiva- 
t i cui 

-- suggests better soils, 5;1 
-- tranofoimis forest into 
congonal , :;";9 
-- unimportant, 443 
K.aingina, 340 

-- clearing for, causes soil 
deterioration, 361 
-- duration of use of, 458 
-- infrequent in high rainfall 
regions, 460 
-- marsh, 400 

-- moderate harvests from, 535 
-- neglected, cogun in, 309 
-- old, 433,574 
-- on talangs, low yields of, 

550 

-- rice production in, ol",^*58, 

492,505.533,550 


Ka ingin u, rich, 53;;' 

Kn 0 1 -6 . , ' ; 6 , 6 r , 8 3 , L 5 , 3 4 , . 53' , 466 , 4 14 
-- a residue from f'.;id;'par weanh- r- 
Ing, I 1 ,62,30,50' 

-- -- wcatheririg of granite, 55;4''.f. 

-- adsorption by, 76 

-- and moritmorlllonlte cor.tra.^r4ed, 

527 

-- as a col, 119 

-- conditions favoring formation 
of, 520 

-- crystalline, 4l0 

-- does not fix phosphorus, 6',' 

-- fonnatlon of, 7'5 
-- foimed from acid glass, 69 
-- horizon, thick, 429 
-- horizons, bleached, In. 4 
-- incoluble, 39 

-- iron-free, characteristics of, 

Inb 

-- last to move in profile develop- 
ment, 144 

-- low absorptive- capacity of, 
for bases, 52 
-- movements of, 144^159 
-- ..ot forme-d fi-om certain rocks, 

-- -- with high pH, 61r5 
-- origin of, 6'6 

-- -- obsc’ure when fully weathered, 
410 

-- predemintnt product '.n granites, 
527 

-- lure, from subaqueous weather’ing 
by peat;’ water, -UO 
-- silicic acid-conta.'ning, undci 
:eat, 81 

-- transfo^mjation from gel lo sol, 

Kaolinlte, -'.9361 ' ^d3’6,3'62,5' 5, 

‘ ■' ' 2 

-- C'-va.rser cr.vstallizati of, ‘ 2, i 
-- Ices on if-^iiilon of , leO 
-- origin of, 3' 3’ 

-- ro-lationahip to montmorill oi.ite, 

-- ?'eoiat.anco to erosion, 123' 

Kapok, 22 , 2--.,236,;28,.:iL33,cOc 
OAtt-iOiVe ], .'.ai. ings '..-f, . , 

— for dry tracts, 220 
-- grows without irrigation, obi 
-- suitable conditions for, 25;' 
Karai-^g, ;52 

Karst topogi-aphy, 33'C,o5C 

Kasang lanris, 5^3, 5- 2 

Klampis (Acacia), lO't 

Koembang, a stror.g dry wind, 60, oK). 

Koempai grass, ;'2o 

Koompassla, 470 
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Koaaribl, 

Krakatau aah, bloHalng.a of^ 

-- ev-ploolon, results of, 

-- interne iiat'-' pronucta of, 

2o 

Krikll, Irregnlar iron concre- 
tions, 

Kri^t, it 19 

Laboe (Lagcnarla leucantha), 

Labor, capable oriental, for tobac- 
co production, 

Ijabiridc’ andealto, analyaid of, 

221, ?:o 

Labradorite, in andeaito, 92 
Laccoliths, 981, 65a 
Ladoe (volcanic cloud), 

Lafayette aoriei!, United States, tto 
Lagemria leucantha, lOl 
Lahar, andesitic, development of 
life on, 98 

— boulders, 9’6 

— - d e JO 0 3 1 1 3 , 161,1 uV: 

-- -- contrasted with marine 
deposits, 171 

-- -- means of differtuitiat Ion, 

171 

-- field, 617 
-- mterial, coarse, 470 
-- -- measurement of weathering 
of, '-0 

-- (mud flow) 69,180,430,461,464,640, 

648,6v1,073,6I'7 

-- irrud, strong acidity of, 64l 

— profiles, 429,791 

-- rejuvenation of soil profile by, 
representation of, l46 
-- aoil profile from, 149 
-- transport, 179 
-- weathered, 92 

Lahara, alteration of in sea water, 

960 

-- ancient, 992 
-- andesitic, 474 

-- -- filled Lillies In earlier tuffs, 

491 

-- basin filling by, 004 
-- careful differentiation of, 464 
-- characteristics of, 989 
-- confuse the ash distribution jat- 
teiTi, i*93 

— dad tic, tobacco grown on, h'(h 
-- damming by, forma lakes, 683 
-- differentiation of, 471 

-- differing parent materials of, l6^i 
-- disturb sortHng effects on vol- 
canic slopes, 639 

-- effects upon subsequent topography 

of region, 462,463 
-- fossil, 5I4 


Lahars, merits of, 185 

— of add efflatas, 921 

— originally covered with grass, 

429 

— posalbilltles of differentiat- 
ing crop reaponses to, 464 

-- stony, profiles of, 431 
-- young, never yet forested, 439 

— youngest, andesitic, soils on, 
460 

-- — Juvenile black dust soil on, 

467 

Lake alluvium, 327 
-- bottom soil, 694 
-- deposits, amphibious bleaching 
of , _■ 29 

-- of Idadioen: was there one? 049 
-- plains now dry, 338, o04 
Lakes, formation and draining of, 

682-063 

Lakemito, aiialysis of, 269 

La-nd breezes, 3 22 

-- use, Ambolna and Ceram, 909 

Atjeh, 442 

Ball, 209-207 

-- -- Banda, 307 

-- -- Batak region, Sumfitra, 

4 9' ('-460 
». Boeroe, 3O’;’ 

-- -- Borneo, 398-403 

-- -- Celebes, Northern Neck of, 

329-329 

-- Celebes, Gouthweatem, 383 
-- -- Toradja region, 367-368 
-- -- Halmahera, jlj 
-- -- in Atjeh’s moian tains, 

432-497 

-- -- West Sumatran Mts., 

901-914 

-- -- Java, Weateni Central,. 

622-629,629-690 

-- -- Lombok, 2X8-220 
-- -- Mlnahasa, 319 
New Guinea, 292-299 

— -- on Bantam tuff sol la > 973 
Soemba, 299-299 

-- -- Soembawa, 229 

-- -- Southern Sumatra, 930,993 

Timor, 268-2 ('4 

-- utilization affected by- 
rock type, 976 

lAndovnlng farraero, percentages, 
902 

Lancvslides, 203,393- 
Lannea grandla, 690,691 
lAnthanium in llparltlc tuff, 

477 

Lapilll and ash predominant 
parent materials, 968 
Lateral movements of soil mois- 
ture Inalgnlf leant, 63 


Laterlto, 149-192,241,317. 

Frontispiece A 
--a red lixivium, 612 
-- alluvium, 344 
-- and iron ore deposits, 348 
-- -- padas, relationships, 268 
-- broken horizons of, 994 
-- cement, 376 

-- climate necessary for foivna- 
tlon of, 348 

-- complex profiles, method of 
fomatlon, 193 

-- conditions governing develop- 
ment, 192 

-- ciTist, analysis of, 221,22? 

-- -- exposed as such by erosion, 
149,191,348,993 

-- -- formed as an Illuvial horizon, 

192,393 

-- cnists, 193 

-- -- position In the profile, 15 l 
-- dark reddish brown, on perido- 
tlte, 336 

— dovolopmeiit of, 399 

-- -- the hard surface cimiat, 39.' 

-- formation, erroneous theory of, 
348 

-- from granlLo, 334 
-- horizon docs not develop as 0 
crust, H48 
-- layer ore, 347 
-- profile, development of, 146 
-- -- prevented by erosion, l48 
-- -- similar to, 408 
-- -- effect of erosion on, 146 
-- -- modified by fresh ash, Vl* 

-- -- progressive Impoverishment 
of, 149 

-- -- nenllo stage of, 149 

-- -- Frontispiece A 

-- rain factor for fonnation of, 

-- rf?d earth, Flores, 241 
-- relation to other sorts of s^'I l 
146 

-- resulting from intermittent 
weathering, I9I 

— soil, 316 

-- -- (a rod lixivium), 64.3 

— -- brown, sharp, aaiidy, quartz- 
rich, 977 

-- solid, exposed, 391 
-- surface crust, exposed by 
erosion, 149 

-- water movement in formation oi', 

393 

-- yellowish brown, 390 
La terltlc concretions, rod, 926 
-- -- conditions for their fomw- 
tlop., 924 

-- iron and nickel ores, 344 
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Latoritic aandy boII, very poor, *413 
Latorlzatlon of per! doll to, 348 
Latitude and tiolar radiation, ro- 
latlonahlpa, 98 - 99,101 
Lattice, cryatal, of folduparo, 79 
lava, 6,10 
-- anal ye OB of, 197 
-- laaaltlc, 87 
-- -- compoaltion, 928-9P3 

— black baoaltlc, weath'.-rlri;^ 
reBulta of, 6;9) 

-- ^laaoy, woathorln/s; of, 89 
-- Incroaaed proprjrtion In tuff 
formation, 30 ■' 

-- of Intoi’medlatf mp^riaa, 919 
-- atrcama, charatbcrlat ! co of, 

989 

-- ntreanui, Javan, not acid, 

99',’ 

-- -- recent, little ooil on, 

499 

-- -- uoually of banal to, 669 
-- trooa growing’; on, 430 
I/iyer ore, .Vt/ 

Leaching, chemical , complete, ePc 
-- condltlonn, 'el? 

-- continuouG, noil formation 
under 39',' 

-- -- water movoment, *49*;' 

-- degree of, relation to pH 
dcpreaalon, 99o 

— - e f f e c 1 0 of e r ra tie rain fa 1 1 

upon, 331 

-- in the tropicH, 

-- Intenae in thinly populated 
dlatrlctn, ‘)'(h 
-- -- reyulta of, I;'98. 

-- -- under tropical high for- 
eat, 499 

-- In tenuity vnrien with rain- 
fall, 9f-'6 

-- Intennlve, alt era in’dlffients 
derived from i-ocku, 'V// 

-- looa of lime thru, 999 
--of haeeQ facilitated hy 
pervlouaneoo, 934 

— -- haaed, relative rapidity 
of, (O? 

-- -- nutrlenta, excosalve, 301 
-- -- pervious soil materials, 

675 

-- proceeeea, 194 

-- rapid in aolla hlgli in Iron, 

34? 

"■ removes adsorbed Iona ahd 
lime from marine sediments, 

497 

serious by oirrplua rain, 

380 

■- type of weathering prevalent, 

438 


Leaching weathering, contlnuoua, 
114 

Leather brown coloi’ of noil, 9>’( 
Lehaku, 38(8,386,949,991 
-- population of, 388 
-- rice planting in, 949,990 
-- with only grano vegetation, 
998 

Legumes an second crop aftcT 
paddy, 98I 
-- aoils for, 629 
Loplronla irucronata, 408 
Loucaena glauca, ?’6i 
-- -- green irjanure for tea, 

488 

Leuclte, 1.4 

Lcuc 1 1 c -conta in 1 ng rock e , 

369-370 

-- from potansiuiri-rlch 

ma/^, 661 

-- Important ir: Motiriah 
rocks, 901 

-- n^cks, analyses of, 996 
-- -- more fe>‘tile noils 
from, 33^0 

-- -- phoaphoiajs content 
high of, 

-- -- potash- rich, 37, :c-' 

-- bephrlte, analysis of, 38, 

881 

-- weathers rapl'lly, ;',’4 
Leucltlc rocks, 3:*9,:76,o99 
L(^vt,’03, natural, in river flood 
plains, 284 , 394 , 4 0,948, ‘:>4 9 , 
98;, 

-- -- villages on, 94 m, 998 
liierzollte, analysis of, T',',347 
-- cojistituents of, '40 
Life and the soil, Ot.' 

Light, diffused, for plants, 9‘^ 
-- gi’ay Juvenile soils, o' -8 
-- yellowm'sh brown subsoil , 088 
-- -- gray lahar gravel, rOo 
Lignin in the soil, 'l9'‘ 

-- -- organic nutter, 10 9 
LI gnlns , 10':^ 

Lignite, 480,438 
-- concentration of trace ele- 
ments in, 47'"' 

— development of, from peat, 
887,948 

Lime, 8 , 11,980 
-- absorbt'd by clays, 48',' 

-- assists pire^cipltation of 
organic matter in podzol 
horizon, 4l0 

-- concretionary , in white tuff, 

172 

-- concretions develop in deeply 
drying soil, 1O9 


...„7i^ 

Lime concu’etlons in black scjils, 
168 , 170 , -'/y, 9 ^: 6., 919 
-- -- dsrk gray clay, 99 O 
-- -- detiper marl soils, CjK. 

-- -- tuff gray earth, 63 1 

-- -- on basalt, 089 

-- -- replaced by iron erjneretions, 

-- coiitfu'it of river water, 397 
-- in black earth and red llxivlim, 
64': 

-- -- oqulllbrjiun with sea water, -88 
-- -- pjax-ent roex affects coil 
pervlousnecs, 3^9 
-- -- soils from rrarls, 382 
-- -- the subsoil, '608 
-- loss of thru leaching, 

-- lost on weathering of sediments, 

497 

-- makes friable iron-poor clays, 

-- narls, 999 

-- (..n uplar.d rice, -•ffect of, 977 
-- -padas, cY':.' 

-- prccljJ tat if.:>n In black earth pro- 
file, 171 

-- pr'Ujonco cf, Lrii cates low leach- 

-- -rich alluvium lalses ifl, 324 
-- rilgr cul table for tt.ak, 699 
-- S ue also Calci nm carbc:nate 
-- varying arcounts of, in alluvia, 



9'^8 , ^>09 , onO , 6 d 8 , Obi , 600 , 689 
-- '^nd sandstone regions, older, 
poor p)addy soil,:; 01 -,^ 90 ;' 

-- as parent, material for soils, 

-- beneficial effects of, upon 
clays, 48', ■ 

-- calcareous }'ed eaii:hs from, 390 
-- coarse, as parent material, 174 
-- coral, 893 

-- dark brovi. clay residual from, 

3ol,3t8 

-- difff'rential weathering, of, I 79 
-- gravel, classlf Icatlon of, I 87 
-- inclusions in Sfcdimentari os, 938 
-- marly, 1','7 
-- micaceoua, jjO 
-- mountains, 37 S 
-- phyllitos, 330 
-- possible effects on alluvial 
SlIIs, 449 

— red oarth, 991^(388 

-- reefs, 312 , 397, .^ 81 , 389 , 4oo , 980 

-- region, Bali, 804 
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Llmeatone regions, analyses of rivers, Llmonlte, formula of, 86 

— grains, analyses of, 3T8 
-- origin of, by precipitation, 

336 


from, 397 

— -- dusts from, Improve poorer 
soils, 3^2 

-- -- have -sparsest population, 

592 

-- relation to laterltlc soils, 

375 

-- relationship to iron concre- 
tion formation, 375 
-- ridge, central Java, 655 
-- river headwaters in, 39^ 

— sandy, rld^e, 659 
-- soil poor from, 506 

— types on, 586 
-- soils, ‘brownish red, 292 
-- -- developed from, 

17^,266,301,566,650 
-- -- dust additions to, 37^* 

-- -- eroded hy wind, l^iO 
-- -- erosivenoss of, 175 
-- -- highly infertile on, 

-- — useless agriculturally, 

-- BuxUt-ion of, 82 

— tracts, no peat formation 
in, 108 

-- tuffaceous, 249,522,654 

— — calcareous red earth 
from, 586 

-- -- reddish "brown soil 
from, 374 

— walls or reefs, 498 
-- weathering of, 89 
-- -- products of, 541 
Limestones, differentiating 

"between, 556 
-- extensive, 6l8,655 

— lmport€mt in New Guinea, 

275 

-- -- Soemba, 246 

— impure, soils from, 654 
-- marly, soils from, 585 
-- of biological origin 

weather to calcareous black 
earth, 586 

— older, unequal erosion of, 

374 

— sandy, 177,384 

-- -- Impurities in, 655 

soils from, 656 

-- silt from, 350 
Liming for tea and cinchona, 510 
-- to Improve physical condi- 
tion, 611 

Limiting factors of plant growth, 

507 

Llmonlte, 24 1 

-- deposited in slllcious slates, 

391 

— dust in pumice stone, 579 


““ QQQ Iron ore, Iron 
oxide 

-- washed out of paddy soils, 

375 

Llparlte, 260,296, 297, 369,418,420, 
451,464 

-- analyses of, 18,19,520 
-- effect of, on well water re- 
action, 74 

-- glassy, analyses of, 523 
Llparltlc and dacltlc soils con- 
trasted, 486 
— tuffs compared, 469 
-- ash, 468 

-- back country of, 484 
-- -- weathering of, 94-95 
-- deposits, 471 
-- — leaching of under forest, 

"467 

-- efflatas compared with 
granite and quartz diorlte, 

516 

-- offuaives, 417 

-- ejecta, iron-poor, slllcious, 

643 

-- eruptions, 516,532 
-- -- preglacial, 467 
-- outcrops, 526 
-- 3€uid, 470 

-- soil pervious on convex 
terrain, 469 

— -- tobacco on eroded, 477 
-- -- too much sodium In the 

absorption complex, 510 
-- soils, high phosphorus re- 
quirement of, 459 
-- — less desirable for wrap- 
per tobacco, 473 
-- -- not so good for paddy, 

503 

— -- tea on, 461,482 

— tuff, 134,314,499,642 

-- — Baroepoe, 356,363,368 

— -- composition of, 519, 

520 

-- — Important in Batak lands, 

447 

-- — plateau, 458 
-- -- soils, einalysea of, 484 
-- — inferior from, 367 
-- -- on, 460 
-- — weathering of, 452 
-- tuffs, maritime, analyses of, 
484 

-- — mlneraloglcal analyses of, 

453 


Liquid limit, 67,487 

— -- change with weathering, 486 
-- water content at the, 599 

-- manure, preparation and proper- 
ties of, 413 
Lithbthamnium, 689 
Lixivia, brownish red, little dif- 
ference between, 469 
-- from basic rocks richer in iron, 

528 

-- gray, subaqueous or anqphlblan, 

619 

-- Importance of, in central Java, 

619 

-- light red, 374 

-- reddish brown, from diversity of 
rocks, 358 

-- yellowish brown, 374 

-- from diversity of rocks, 358 

--a definition of, l44 

-- -- distinctive sort of, 6?1 

-- andesitic, 311,316 

-- -• mountain, 460 

— brown, 155,242,250,373,390 

— -- advantages and disadvantages, 

292 

-- -- and red, normal, 468 
-- -- andesitic, 588 
-- -- at higher elevations, 358 
-- -- baked to red-earth, I50 
-- -- coffee on, 209 
-- -- erosion of, 134,579 
-- -- from andesite or basalt, 303 
-- source of color of, 324 
-- -- to brownish red, 588 
-- -- pale beige, 358 

— -- senile, 566 

-- -- virile stage on slopes, 324 
-- -- transformation to red lixivium, 

144 

virile, 316,537 

— brownish red, 212,223,240,285,311, 

317,319,438,579 

— -- and red, at low altitudes, 

467 

-- -- from granite, 524 

-- residual from eindeslte, 429 
-- -- to brown, 568 
yellow, 146,242,312, 323‘,324, 

374,454,456,499 

-- -- sandy, 487 

— -- senile, 509 

-- — to brownish red, senile, 506 
-- dark brown on gabbroa, 358 
-- deep red, 350 

-- first stage of, under forest, 467 
-- flecked yellowish gray marl, 37^ 
-- from basic igneous rocks, 
pervious, 373 

granite, pale grayish yellow, 

498 
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Lixivium, grayish hrown and light 
brown, from granite, ^2k 
-- high organic matter and low 
pH of, 300 

-- Iron-rich, brown, cohesion 
low in, 407 

-- Juvenile, grayish brown, 316 
-- — yellowish brown, U56 
-- leached, of brighter color, 

524 

-- light red, senile, 438 
-- liver brown, from limestone, 

176 

-- orange yellow, 429 
-- pale brown to grayish white, 
sandy, 525 
-- -- to yellow, 453 
-- — brownish rod, 573 
-- -- more clayey, from 
schists, 524 

-- -- red sandy, on granite, 

300 

-- -- yellow to brown, Juvenile, 
from afflatas, 499 
-- -- yellowish gray on leached 
sediments, 498 
-- plastic, 301 
-- purplish brown, 589 

- red, 240,311,323,324,336,373, 
390 

-f — advantages and disad- 
vantages, 292 

— -- and brown, black magnetic 
Iron sand In, 557 

-- -- and yellow flecked, 566 

- - brighter, 317 

-- -- darker from hornblende and 
hyporsthene, 469 
-- -- development of, I62 
-- -- from calcareous materials, 
282 

-- -- from granite, 334 

-- -- Infertile, from schists, 505 

little humous soil on, 350 

— not from granite, 334 

. poorer than brown, 58I 
-- -- profiles of, 580 

— -- quartz-free, 553 

-- -- sandy, from granite, 36O 
-- — on tuff, 366 

— senile, 38I 

-- — source of color of, 324 
-- — (terra rosaa) Soenibawa, 225 
-- — to brown, 534 

- reddish brown, 155,202,216, 
300,336,350,377,429,468,509, 
549,579' 

— conditions for development 
of, 342 

— — physically satisfactory, 

381 


Lixivium, reddish brown, profile of, 
542 

-- — senile, 578 
-- -- without sand, 445 
-- sandy, bright red, 468 
-- -- brown to brownish yellow, 

468 

-- -- pale red, a poor soil, 553 
-- senile, 300,435 
-- -- brownish red, 543 
— yellow, 536 
-- -- on moist slopes, 429 
-- -- precluded by heavy 
erosion, 453 

-- severely leached and senile, 

498 

— subaerial, from diverse rocks, 

337 

-- -- paler, 430 

-- volcanic, Improves marl mate- 
rials, 587 

-- white, development of, 408 

— — under humous surface 
horizon, 36I 

— yellow, 335,390,396. 

-- — with humous surface soil, 

467 

-- yellowish brown, 155,240 
-- -- liparltlc virile, 456 
-- -- or reddish brown, 526 
Loam, heavy, origin of, 658 
-- infertile, cracking. New 
Guinea, 290 
-- Juvenile, 373 
-- light, mechanical analyses 
of, 339 

-- ore, analysis of, 351 
-- -- earthy, manner of cementa- 
tion of, 393 
-- -- silt from, 350 
-- -- supports good vegetation, 

349 

-- quartz silt in, 582 
-- rapid erosion of, 359 

— shales, 187,383,384,398 
-- slates, 187,514,655 

-- -- soils developing on, 525 
Loams tones, 446 
-- poor soils fi'om, 538 

— purplish, erosion of soils 
from, 359 

-- weather to red loam, 359 
-- weathering products of, 

541 

Long turf, from peat, 540 
Loss, 139 

Lower lands of higher value than 
slopes, 457 

-- mountains, altitudes and 
temperatures of, 113 




Lowland paddy compared with upland 
rice, 502 

-- rice planted in valleys, 435 
-- -- see also Paddy 
-- -- unknown on Halmahera, 312 
Lowlands, hot, weathering types of, 
143-146 

— tropical, tenperaturee and al- 
titudes of, 113 

Lumbang (Aleurites moluccana), 227 

Maboereese, 680 
Mace, 307 

Machinery, agricultural, limited 
value of, 398 . 

Magma, 6,7,10 

-- acidic, 88,515 

-- basaltic, flowed out quietly, 

515 

-- basic, 88,515 

-- cells. Independent, 588 

-- composition of, to form glass, 

68 

-- differences in, 29 
-- "furnaces, ” separate, 495,588 
-- intermediate; 515 
-- more acid contained more dis- 
solved gases, 515 
-- 3 kinds of in Southern Sumatra, 

515 

-- cooling and crystal formation 
in, 6 

-- differentiation of, 10 
-- gas laden, 6 

-- tapped from different "vats," 

463 

-- variation in chemical couposl- 
tlon of, 7,463 

-- varying mineraloglcal conposl- 
tlon of, 463 

Magmatic differentiation of fine 
ejecta in the atmosphere, 633 
-- rocks, 7,9 
-- -- conpositlon of, I5 
Magnesia, 8 

-- completely leached out, 398 
-- rich materials, 12 
-- solution of, from olivine and 
pyroxene, 346 
Magnesium, 512 

-- absorbed in small quantities, 510 
-- absorption of, in sea water, 626 
-- astonishingly low content of, 

456 

-- behavior during weathering, 85 
-- behavior in weathering liquids, 

84 

-- combinations with silicic acid, 

34 

-- content of ash decreases with dis- 
tance from crater, 560,633,647 
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Magneolum content of ejecta generally 
high, 668 

-- — variable, 6^+6 
-- -- Intonnellate rocka, 621 
-- — soils from basic rocka, 62B 
-- — volcanic rocks, 598 

— deficient in red lixivliim, 581 
-- distribution in the profile, 

(m 

-- easily leached from pervious 
soil, 634 

— held absorptively by clay, 538 
-- high in basalts, bl8 

-- -- efflataa, 677 

— hydroallicates, deposition of, 

346 

-- importance of, in soil foima- 
tion, 634 

— in acid offuslvea, 519 
-- -- various minerals, 06 
-- -- volcanic rocka, 558 

-- increases with percentage 
of tuff, 622 

-- loached by swamp vatei-e, 645 
-- -- out during weathering, 559 
-- -- rapidly from soils high in 
iron, 342 

— low amounts in aolla, 573 

— -- content in tuff, 560 
-- -- in red lixivium, 625 

-- -- percentages, of. In ash, 

634,668 

-- metaslllcatcG of, 518 
-- mica, 86 

— minerals with much, fall more 
rapidly, 560,6)33,647 

— nutrient relationships of, 460 
-- relative rapidity of leaching 

of, 346,602,634,661 
-- saturation and Cinchona, 60? 

-- — by sea water, 621 
Magnetic iron, 7 

— -- crystallization of, 88 
-- -- makes ash dark, 677 

— -- ore 24,352,393 

-- -- in black soil, I65 
-- -- sand, 624 
-- -- black, in lixivium, 557 
Ifegnotite, 17,19,23,24,29,404,453, 
557,560,655,689 

-- analysis of, l4 
-- causes dark ash, 668 
-- composition of, 25 
-- in andesite, 92,366 
-- -- Eanau tuff, 520 

— -- volcanic ash, 633 

— 'onveatherod, 345 

-- very resistant to weathering, 

634 

-- weathering of, 87,90,624 


Mahogany, reforestation with, 63O 
Maize, 227,258,273,320,339,368,536, 

650,651,654 

--an important food crop, 328, 

628,690 

-- -- unimportant crop, 400,437, 

443 

-- analyses of the plant, 629 
-- fertilization of, 629,692 
-- fodder fqr hors os, 628 

— green manuring of, on Ball, 

206 

-- inedlocro growth of, 653 

— on ridges between paddy, 624 
-- see also Corn 

-- shallow rootod, disadvantage 
of, 487 

— soil not suited to, 658 
-- soils poor for, 402 

-- tegallan land, 625 
-- yields low on red soils, 351 

— -- of, 693 

Malays are traders, 402 
-- marsh ri03 and nihber faimiers, 
400 

-- rubber planting by, 511 
Mamoci, an Infertile loam, 

New Guinea, 29O 
Manganese content of inter- 
mediate rocks, 521 
-- -- rocks, 518 
-- -- volcanic rocka, 558 
-- dioxide residue, in absence of 
organic matter, 346 
-- in acid effusivea, 519 
-- nutrient relationships of, 460 
-- oxide, 8 

-- peroxide not leached from 
the soil, 342 

-- rennlns during weathering, 559 
-- superoxide, 24l 
Mangrove, 273 
-- coastal atrip, 552 

— forest, 578 

-- vegetation, 445 
-- zone, products of, 54l 
Manlhot utllisalma, 328,589,650,656 
Manila hemp (abaca), 321 
Man's activities and soil weather- 
ing, 112 

Manure, village, fertilizer for 
rice, 503 

Map, climatic, of Java, 176,379 
Maps, crop, of Java, 567 
-- forest, of Java, 567 
-- geological, of Sumatra, 417 
-- Irrigation, Java, 567 
fferble, 12,370,419,515 
Margas, 531 

Marine and fresh water sodimenta 


Marine and fresh water sodimenta 
contrasted for soil formation, 

189,355,367,440 

Marine clay, 289,290 
-- — accumulation of, 551 
-- -- better than fresh water al- 
luvium, 395 

-- -- differs from fresh water 
clay, 189 

-- -- formation of, 55? 

-- -- formed olialea, 428 

— -- Impovorl Mhment of, in 
swamps, 4 00 

-- -- on tuffs, thin, 572 
-- -- swells and slides, 657 
-- deposits contrasted with lahar 
deposits, 471 

-- -- more thoroughly mixed, 440 
-- -- soils from, 390 
-- -- upon weathering lose ab- 
sorbed ions and lime, 497 
-- diluvium, 499 
-- -- analyses of, 484 
-- -foimed clay slates give bettor 
soils, 525 
-- sandstones, 39 
-- sediment as parent material, 

174 

-- sediments, 11,537 
-- -- allochthonous soils from, 589 
-- tuffs, analyses of, 56O 
-- -- calcium and reaction of, on 
weathering, 527 

-- -- not always from submarine 
volcanoes, 635 

Markaalte, precipitation of, 87 
Nhrl , 12,242,260, 290 , 322 , 333 , 374 , 
it 19 , 9fc7 , 9132 , 995 , 655 , 6*9 

-- and limestone deposit condition:! 

contrasted, 655 
-- limestones, 595 

-- loaimi, uni'avorable physical condi- 
tions of, 621 

-- ridge, suitable for teak, 655 >655 
-- ridges, Miocene, 588 
-- sandstones, 595 
-- shales, 344 

— silt, 350,586 

-- -- calcareous accumulations of, 

606 

-- -- in volcanic silt, 605 
-- -- low yields from, 665 

— soil, serious erosion of, 656 
-- soils, bluish black calcareous, 

635 

-- -- have sparsest population, 592 
-- -- paddles scarce on, 596 
-- -- profiles of, 178 
-- -- shallow because of rapid 
erosion, 621 
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Marl eolla allde easily, 657 
-- -- true, of low value, 567; 5^9 
-- Tertiary, 364,58i+,660 
-- -- calcareous red earth from, 

350 

-- tuffs, dark green, with 
foramlnlfora, 622 
Marls, allochthonous soils from, 

382 

-- calcareous, changes In eolla, 
from, 178 

-- calcium from, 498 

-- -- rich and tuff poor, 629 

-- clay, 187 

-- -- rich In Globlgerlna, 495 
-- component a of, 589 
-- dusts from, Improve poorer 
eolla, 342 

-- effect of tuff admixtures on 
80II0 from, 590 
-- Important exposures of, 

246,248,275,618,655 

-- -- on Java, 359,383 
-- marine autochthonous soils, 
on, 292 

- Miocene, 608,610 

-- -- soil types from, 585 

--of low fertility, unforested, 

630 

-- scarce In eastern Java, 688 
-- soils from, 175-178,282,390, 

566,595 

-- -- troublesome to cultivate, 

390 

-- tuffaccous, 341 

-- -- and calcareous, 377,522 

-- weathering of, 6 % 

Marly tuffs, 64 1 

Maroro formation, 353-355,361,367 
Miroaltc, analysis of, 38 
Marsh conditions, leaching under, 

338 

-- Danau, 568 

paddles, Borneo, 400 
-- peat formation at hig^ 
altitude, 456 
Marshes, draining of, 626 
--of Netherlands New Guinea, 

285,287,288 

-- possible reclamation of, 

New Guinea, 294 
Matlere noire, 70,109 
-- -- eluvlatlon of, 602 
-- -- In humus, percentages of, 

599 

-- -- organic matter, percentage 

of, 598 

-- quantities In tea soils, 

490,597 

value of figures of, 489 
^ts, poeroen, 402 


Maximum water capacity of the soil, 

67,690 

Mealy soil, yellow to brown, 675 
Mechanical analyses, 47,594,659 
-- -- of ’’clays" high In quartz 
flour, 338 

-- -- of Krakatau ash, 529 
-- — noils of Sumatra's East Coast, 
485 

-- — sugar cane eolla, 648 
-- -- tea garden soils, 4-86 
-- analyois a separation Into min- 
eral components, I60 
-- -- black in certain separates, 

167 

Melaleuca leucodendra, 274,303,305, 

306 

Molaphyi'o , 246 , 260 , 297 , 4 17 , 4 19 
Molaatomaa, 300 
Mellow structure, 483 
Mentok disease of paddy, 326,578,6X)6 
649 

Mesozoic deposits, 26o, 344,419 
Metamorphlc rocks, 5,15 
-- -- analyses of, 39 
-- -- weather slowly, 427 
Metasilicates, weathering of, 85 
Mo thane in soil atmosphere, 69 
Metroxylon, 445 

Mica, 7,12,10,139,40,86,370,452,469 
-- andesites, 55V 
-- bleached, hycLr-ation of, 85 

— brown and green, 4o4 

— Golorlosa, 84 

-- colors of, factors affecting, 84 
-- crystal structure of, 83 

— crystallization of, 88 

-- crystals, black, abundant, 615 
-- filaments and flakes, 626 
-- flakes from older granites, 427 
-- gronltltos, 403 

— hornblende, 3', 356 

— In acid offuslvoa, 520 
--In alluvial soils, 338 

-- inclusions of apatite in, 66I 

— Iron -magnesium, 403 

-- -- weathering of, 84,95 
-- -like flakes of secondary 
cementing mineral, 522 

— limestone, 330 
-- magnesium, 86 
-- muscovite, l4 

-- need of determination of amount 
of, 451 

-- potassium, 403 
-- — weathering ei, 03 

— pulverized in streams, 36I 
-- quartzites, 515 

soils from, 524 

-- schist, analysis of, 39 

— schists, 297 , 355 , 361,494 


Mica schists, soils from, 301,324, 

339,352 

-- weathers to colloidal iron 
dioxide, 557 

Micas, weathering of, 9,83-64,324, 

390 

Rlcell^ in humous water, 81 
Mlcrocryatal lattices and mutual 
exchange possibilities, 637 
Microflora, activity of, and peat 
formation, 157 

-- competing for plant nutrients, 111 
--of the soil, changes in. 111 
-- restoration of, by long forest 
fallow, 474 

-- under anaerobic conditions, 159 
Mlcroorganlsnuj, mesophillc, IO6 
-- p.3ychrophlllc, IO6 
-- themophilic, 106 
Mlcropegmatlte, 535 
, Microscopic analyses of rocks, 15 
Mineral components of the soil, 
importance of, I60 
-- reserve, lacking In New Guinea 
soils, 285 

Mineralization of organic matter, 
98,103-105,108,113 

-- -- by microorganisms, 108 
Mineral ogl cal analyses, lack of, 

17 

-- -- of rocks needed, 449 

— composition varies with chemical 
composition, 16, 2S^ 

Minerals, accessory, 7 
-- and soil formation, 7 
-- characteristics of, 13 
-- chemical and mineralogical 
comp)03ltlon of, 7,14 
-- colorless, 7 

-- dark, proportion of, effects on 
soil, 526 

-- -- weatherabillty of, 9 
-- darker, 1/29 

-- imp'Ortant in rock formation, 7 
-- of soil-forming rocks, analyses 
of, 14 

-- recognition of, 5 
-- secondary, l'f'8 

-- separate, need of chemical analy- 
sis of, 451 

-- woatlierabllity of, 9 
-- weathering of, 13,71 
Mining engineers, 556 

— posaibilitlea of, 352 

Minor elements, importance of determin- 
ing, 25 

-- — varying plant capacity to colled 

476 

-- see also trace elements 
Ml ocene , 561 , 582 , 583 , 593 , 595 , 626 
-- marls, 588,618 
-- -- soil types froi9, 585 
Mirafra Javanlca, 659 
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Modification and weathering of 
volcanic ejecta, 635 
Moisture, capillary, 65 
-- hygroscopic, 65 

— gee also Water 

Molds and bacteria contrasted, 107 
-- cc«idltlons favorable on moun- 
tains for, 277 

— in mineralization of organic 
matter, IO6 

-- the soil, 97 
Molybdenum, 513 

-- nutrient relationships of, ^60 
Monsoon, dry east, U20,Hc’4,690 
-- east, ash distribution affect- 
ed by, 57^ 

-- zone, 552 

— forest withstood climatic change, 

468 

-- forests, 303,681 
-- -- organic matter production 
In, 103 

-- rain climate, 55 
-- west, 371 
-- winds, 405 

Monsoons, east and west equal, 309 

— -- marked, on Java, 56I 

— effects of, 3^5 

— -- on shore deposits, 5^3 
-- weak under equator, 331 
Montmorlllonite, 77,359,522 

-- characteristics Imparted to 
clay, 582 

-- clay from marls, 5^2 
-- .. minerals, conditions pro- 
ducing, 645 

— coarser crystallization of, 

595 

-- conditions favoring forma- 
tion of, 527,616,651 

-- from basic tuffs, 528 
-- great capacity for shrink- 
ing and swelling, 585 

— high absorptive capacity of, 
for bases, 527 

— predominant product on acid 
tuffs, 527 

— the cause of the formation of 
black soils?, 527 

Mosses, conditions favorable for, 
on mountains, 277 
Mossy forest, lover elervatlon 
limits of, 524 

-- -- optimum conditions for de- 
composition of plant remains, 

500 

Mottled clay, 164,240,5^9 

— — an illuvial horizon, 149 

— — poaslhlo causes of, 148 

— soil colors, l64 


Mounds in old lake soil, origin of, 

327 

Mountain granulation, 150,240,509, 

599,670,675 

-- cause of, 603 
elevation limits of, 598, 

602 

-- lower limits of, higher 
on acid ash, 600 
-- — of tea soils, 597 

— soils, 155,203 

Mountains equatorial, biological 
conditions on, 277 
-- high, soils on, l48 
-- mineralization of organic 
matter on, 111 

— soil profile development 
on, 146-147 

— tropical, altitudes and 
teir5)erature8 on, 113 

Mud flows, 89,179,453,463,464,578 
-- -- andesitic, 456,582 
-- -- built a vast lowland, 588 
— cemented to tuffs, 580 
-- -- move soil parent iiateriala, 

462 

-- -- of varying ages, weathered, 

580 

-- oee also Lahars 

Mudstones, 419 
Mulching coffee toils, 369 
Muren, 179 
Murgange, 179 

Musa textllla (abaca) possibilities, 

321 

Muscovite, 17,83,85,403 
-- opldote schist, analysis of, 39 

— gneiss, 330 

-- In granite, weathering of, 95 
-- mica, l4 
-- weathering of, 4o6 
Mylonetlc zone, 335 
My Ionization, 349 
Myimeklte In granite, 334 
Myxomycetes in the soli, 98 

Natives, rubber production by, 

511 

Natural levee and dune formations 
contrasted, 624 
-- -- soils, 590 

utilization of, 442,544 

levees, from volcanic ash, 

639,640 

-- -- of streams, 183,539 
Neogene, 2U7,'t37,‘*38,535,596, 

689 

-- lime and marl formations, 

290 

— eedlmentarles, 344,419,420, 
655,660 


Neutral reaction favorable for 
rice, 686 

Nickel ores, analyses, of, 347 
— residue from peridotltes re- 
mains with Iron, 346 
Nilam (Pogostemon) , 446 
Nipa (Nipa frutlcans), 399,445, 

552 

Nitrates In rainwater, 72 
Nitric acid in water, 72 
Nitrification on equatorial 
mountains, 279 

Nitrogen a limiting factor for 
paddy, 503-504 
-- -- of crop yields, 507 

-- absorbed by soils, 70 

-- combined, from Fumeroles, 

196,205 

-- content of Dell soils, 484 
-- -- tea soils, 597 
-- deficiency in paddy soils, 

443,608 

of 219,382,679,692 

-- -- in pepper soil, 413 

-- fertilization, marked effects 

of 629 

-- -- need of, 509,688 
-- fertilizers, acid, when to use, 

687 

-- -- for paddy, effects of, 

577,659 

-- -- tea, 596 
-- -- and Cinchona, 510 
-- -- futile on eroded soil, 4’f6 
-- fixation In the soli by or- 
ganisms, 97 

-- from mat lore noire, 600 
-- In considerable quantities, 

456 

-- -- the soil atmosphere, 68,69 
-- -- total organic matter, value 
of figures of, 489 
-- low content of, in red lixivium, 

581,625 

-- measurement of, in absorption 
complex, 637 

-- nutrient relationships, 460 
--of endogenous origin, 205 
-- -- exogenous origin, 205- 
-- the limiting factor on younger 
volcanic soils, 507 
— total, quantities In tea soils , 

490 

-- tranaformatlons In the soil, 1^^'' 
Nltrophoaka, 413 

Non- volcanic atratchea, weatherli^ 
of rocka of, 497 
Nontronlte, 77 
Norite, 314,320,349,385 
Nmnmulltlc llmeatono, 374 
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Nutmeg plantations, 306,493,629 

— trees, 309,313,493 

Nutmegs as a forest crop, 304,307 

— yields of, 307,535 

Nutrient concentration In the soil, 
relation to root Intake, 488 
-- content of llparltlc tuffs, 

367 

— quantities not propcrtlonal 
to supplying rate, 489 

-- substances, Importance of 
rate of movement of, 638 

— — movement In the soli, 63B 

— -- quantitative relationships 
between, 46o 

-- -- rate of movement thru soil 
variable, 6II 

-- supplying capacity of tea 
soils, 489 

-- — power of the soil, measure- 
ment of, 636-637 

Nutrients, abundant supply needed 
by tobacco, 5l4 

-- carried by water moving in the 
soil, 488 

-- soil extremely poor In, 38I 

Obsidian, 30,314,495,570,633 
-- analysis of, 21,26,520 
-- black, bombs, 194 
-- flow, part dark, part white, 

579 

-- weathering of, 89 

Offal, plant, decomposition of, 

104 

oil cake, peanut, 4 13 
-- palm plantations, higher soil 
requirements of, 446 

313,438,603 

-- -- demand good soils, 483 
-- -- high yields of, 483 
-- -- on peat, 540 
-- -- optimum reaction for, 686 
-- etherlal, In the soil, IO9 
Oligoclaee, 63 
-- weathering of, 95 
Ollgotrophlc water conditions, rela- 
tion to peat formation of, 540 
Olivine, 7,17,28,560,568,632,668 
--a principal mineral, 344 
-- analysis of, l4 
-- -basalts, 558,669 
-- basalts, analyses of, 28,32 
-- -containing andesites, 92,632, 

660 

— -- auglte-andesites, 495 

— lii5)ortant in dunite, 3^5 
-- occurrence in ejecta, 588 

— products of hydrolysis of, 3^6 
-- rich in some rocks, 666 


Olivine supplies Iron hydroxides, 

634 

-- weathering of, 9,86,336,345 
-- weathers to colloidal Iron 
dioxide, 557 
-- -- red Iron oxide, 87 
Onions, an Important crop, 227, 6l4 
-- cultivation of, 329 
Ooze, deep eea, analyses of, 266 
-- Globlgerlna, 266; Ooze 
Radlolarla, 266 
Opal 592 

-- formation of, 75 

Opuntla, 165,167,216 

Orange red heavy lixivium, 429 

-- -- soil color, 430 

-- yellow lixivium, 429 

Ore, brown iron concretions, 148 

— clay, 347 

-- -- analysis of, 351 
-- concentration in the anqphiblan 
layer, 290 

-- deposits of iron, cementing 
effects of, 287 
-- develops when Iron content 
of parent rocks high, 598 
-- grains resistant In weather- 
ing of andesite, 92 
-- hall and bean, l6l,374 

— horizon developed In acid 
pumice stone tuff, 213 

-- in andesite, 13 

-- — Krakatau ejecta, 28 

— -- the weathering residue, 90 
-- Iron, conditions favoring ac- 

ciunulatlon in profile, 147* 

-- layers of Iron oxides, 144, 

301,347 

-- loam, analysis of, 351 
-- see also Iron concretions 
Iron oxides. Hall ore 
-- segregation of ferre hydroxide 
as in alternating weathering, 

154 

-- summary of positions In the 
profile, 162 

-- veins of, along root channels, 
161 

Organic matter, a secondary factor 
in weathering, 112 
-- -- accumulations on mountains, 
Importance of, 147 
-- — aids solution of manganese 
dioxide, 346 

-- -- and erosiveness, 128 
-- -- as black coloring, I65 
-- -- carbonized by alkali, 468 
-- -- colors dependent upon reac- 
tion, 157 

-- dead, In the soil, 97-98 


ZiS 

Organic matter, deficiency of, 679 
-- -- errors of determination of 

70 

-- -- In red earth, 24l 
-- -- surface soil, effect of eleva- 
tion on, 

-- -- tea soils, quantities of, 

490,596 

-- -- the soil, kinds of, I05 
-- -- Increases erodablllty by 
wind, l40 

-- -- living. In the soil, 98-99 
-- -- lowers pH further, 408 
-- -- on equatorial mouTi tains, 279 
-- -- oxidation furthered by high 
iron content, 587 
-- -- quantities produced per 
hectare, I03 
-- -- see also Humus 
-- -- total, value of figures of, 

489 

-- surface horizons, changes with 
elevation, 150 

Origin of soil material detormlnes 
physical conditions, 6l2 
Orographlcally conditioned climatic 
differences, 386 

Orthlte, a constituent of llparltlc 
tuff, 477 

Orthoclaso, 17,75,403,404,689 
-- in granite, 83 
-- -- weathering of, 95 
-- weathering more rapid In sea 
water, 82 

of, 80,408 

Orthophyre, 355 

Overgrazing, serious results of, 

613 

Oxidation, chemical, of organic 
matter, IO3 

-- processes in organic matter re- 
duction, 105 

Oxygen and tropical weathering, 112 
--as weathering agent, 72 
--In soil atmosphere, 68,69 
Ozone, 105 

P. Island 

Pacific, Intermediate lime-potash 
rocks, 588 

-- Ocean, basic magmas around, 10 
Padangs, 409,410 

Padas (cemented, tuff horizon) In the 
profile, 120,268,617,642 
-- tendency to form In ash de- 
posits, 641,677 

Paddles, abundant, near the coast, 

532 

-- air^ihlblan conditions under, 

501 



730 THE SOILS OF EQUATORIAL REGIONS 


Paddl00 ‘benefit by good irrigation 
water, ‘i) 89 , 6^9 

-- -- from volcanic products, 
517,535,51*7,575,589,606 
-- developed In coastal lagoons, 

J4I4O 

-- excellent, effects of fertili- 
zers on, 551 
-- extensive, 442,583 
-- fertile, in silted swamp, 588 
-- green manuring of, 206 
-- In plains vs, on slopes, 504 
-- laid out in all ravines, 457 
-- loams common in, 378 
-- (lowland rice fields), 198 , 319 , 

351,^+33,^37,442,448,450,458,496,616 

— many on soils from basic eruptlvea, 
575 

-- marsh, 400,575 

-- -- a kaingln practice, 546 

--‘more productive, 534 

-- natural fertility of, not high, 575 

-- on clays from basic rocks, 366 

-- -- excavated land, 625 

— -- good and poor soils compared, 36 ' 
-- __ marl soils, variable quality of, 

587 

-- aediments eroded from slopes, 

626 

-- -- volcanic alluvium, 586 
-- preferred to rubber, 51? 

-- rain-fed, yields poorer on, 505 

-- replaced swamp forest, 578,589 

-- ruined by wash from slopes, 337 

-- scarce, 304,574 

-- soils of, become heavier, 582 

-- valley full of, 531 

-- yield good on soils thot poor, 

537 

-- yields ^ood, 535 
Paddy cultivation changes weathering 
form, 217 

-- -- extensive, 340,536 

-- -- failures of, 313,411,491,540 • 

-- -- Irrigation water compensates' 
for poor soil, 382 
-- low standard of on very poor 
soil, 398 

— of, 596 

on irrigable plain, 576 

regions of, 227,399,433 

-- -- soils unsulted to, 3 l 8 

-- -- terracing for, 244 
-- -- water a question, 269 

— -- yield testa of, 65 O 

— dikes indicate former 
cultivation, 531 

-- displaced rubber on poor 
soils, 511 

-- double cropping, 627 


Paddy, effects of fertilizers on, 

459,503-504,659,692 

-- elevation limits of, 604 
-- fields see Paddies 
-- grown where irrigation water 
certain, 66I 

-- irrigated, yields, 433 
-- killed by acid water, 640 
-- land between dune ridges, 

621* 

-- -- from granitic alluvium, 

3?6 

-- lowland, comi)ared with up- 
land paddy, 502 
-- production, 553 
-- ripening, phosphorus fer- 
tilizing hastens, 608 
-- root rot, cause of, 367 
-- -- fertilizers cure, 368 
-- soil, requirements of, 305, 

687 

-- -- very fertile, 591 

-- soils, 31 '!', 591 

-- -- amphibian in character, 

580 

-- — gases in, 68 

— __ not suited to, planted 
to rubber, 51? 

.. — of the Priangan, phos- 
phorus deficient In, 608 
-- -- phosphorus content of, 

210 

— retain subaqueous charac- 
ter, 580 

-- -- too pervious for, 318 
-- -- variations of, 6 o 4 
-- thrives on sandy soils, 491 
-- variability In yields of, 606 
-- yields, 306,326,436,443,458, 

491,502,533,577,606,627,665, 

685,686,687 

-- -- and population density, 665 

-- -- decline of, 492 

-- — effect of elevation upon, 

504,506,650 

-- -- factors which affect, 607 
-- -- from kal^lns, 4 ll 

high, 548 , 624,628 

-- — means of Increasing, 443 
-- — of, on good and poor 
soils, 649 

on renah lands, 550 

— — Ysry low, 4l4 

— zone, lowest, 67 O 
Padl see Paddy 

Pajae (ewanq? paddles), 441,546 
Pale bri^t colored heavy Im- 
pervious Boll from pale 
tuffs, 634 

— brown lixivium, Juvenile, 675 


Pale brown soil from intermediate 
tuffs, 560 

-- brownish red lixivium, 573 
-- -- lixivium from schists, 524 
-- clay, decreased jjermeablllty 

of, 602 

-- -- horizon, 542 

-- -- increase of acidity in, 575 

— colors from much quartz powder, 
441 

-- fine* .tuff, tuff gray earth on, 

652 

-- glass, soil from, less pervious, 

639 

-- gray rejuvenated lixivium, 67I 
-- lixivium under peat, 67I 
-- loam, heavy, high in quartz silt 
and sand, 582 

-- rod lixivium, from marls, 657 
-- -- very poor, 553 

aoll from Intermediate tuff, 

560 

-- reddish clay and loam, 626 
-- -- light gray soils from quartz 
powder, 44 l 

-- soil weathered from tuffs, 570 

-- yellow soils, 69O 

__ -- Bubsoll on Iron poor acid ash 

600 

Palenibang formation, 418 , 519,552 

Paleogenlc rocks, 419,515 

Palleeclvlum, 67I 

Palms , 690 

-- cabo negro, 319 

-- Palmyra, (Boraaaua flabelllfer) , 

227,234,237,259,273,274,371,373, 

691 

-- sago, 304,305 
-- swamp, 552 

Pamas (river terraces), 470 
Pandans, 552 

Pandanua, 273 , 278 , 289,290 
--on peat, 54 l 

-- vegetation in marsh peat at 
high altitudes, 456 
Pangloene, 541 
Panlcum stagnlnum, 396 
Pantal lands, 305 
Parang, 587,661 

— vegetation, effect upon percola- 
tion, 465 

Parent materials for soil formation 

71 

— — lnqportant In determining soil 
type, 497 

-- rock and tobacco quality, rela- 
tlonflhlpa, 474 

-- -- ash obscures Influence of, 

530 

-- -- iron content of, determines 
soil character, 524 
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Parent rocks and derived soils, 

-- -- effects on soil of, 513 

Park landscape, 198, 2?8, 269, 337, 669, 693 

-- -- conditions causing formation of, 

692 

Particle size and petrographic com- 
position of ash, 633 
Particolored subsoils, 525 
Pastures, alteration of plant com- 
position, causes of, 329 
-- grass, extensive, 539 
--on natural blanga and flre- 
malntalnod cogonals, ^35 
Pasturing excessive, aggravates 
erosion, 612 

Patchouli (Pogoatemon) , *1^3, ^^6 
Pavement of crystals from sheet 
erosion, H69 

Peanut cake, fertilizer for pepper, 

^13 

Peanuts, 273,538 
-- climate too wet for, 313 
-- languish on heavier soils, 638 
-- on lighter soils, 6I9 
Peat, 98, 178, 273, 292, 441, 5M* 

-- bog soil, reaction of, 80 
-- character and development In 
Sumatra, 539-540 
-- color of, 158 

-- concentration of trace olomenta 
In, 475 

-- development of, 553 

-- -- conditions favoring, 111,287', 

445,571 

-- -- conditions precluding, 525^548, 

552,568,581 

-- -- factors limiting, 108,157’, 336, 

394 

extensive accumulatlone of, 

394,541 

-- formation on Java, 566 
-- high, characteristics of, 

157 

--of Netherlands, 5^0 
-- increases acidification and 
base leaching, 287 
-- lens, 5^0 
•- little formed, 401 
-- low, characteristics of, 

157 

— marsh soils, Borneo, 399 
-- not cultivated, 5^0 

— ollgotrophlc, could not 
form, 581 

— ombrogeen, 539 
--on acid rocks, 284 

— - mountains, 279,284,300,301, 

335 , 456,671 

— poselhllltloa for formation 
low, 358 


Peat, substratum under, leached, 
540 

-- summary of conditions develop- 
ing, 162 

-- awan^) forests, 549 
-- water, reaction of, 287 
Peats, eroded on cleared land, 

361 

— topogene, 539 

Peaty black layer on weathered 
granitic soil, 400 

— clay, 339 

-- coastal Sumatra, 84 
-- soil, 670 
Pockatone, 21,495,633 
-- analyses of, 22 
-- weathering of, 89 
Pegmatite, not abundant, 4l4 
Pematange (natural levees), 394, 

399 

Peneplain of South Sumatra, 551- 

552 

Pentosane in the soil, 97,105 
Pepper cultivation, decline of, 

493 

-- -- of, Bangka and Billiton, 

411 

— gardens, 412,535,536,629 
-- (Piper negrum), 401,402, 

414,443,553 
-- plants, rod, 654 
-- soils, Atjeh, 443 
-- unsuccessful, 546 
-- yield of, unfertilized and 
fertilized, 413 
-- yields of, 399,535 
Percolation and rainfall, rela- 
tions between, 66 
-- limit for a soil type, 465 
-- losses from the soil, 465 
-- of mlnwator excessive on 
tuff, 363 

-- -- factors affecting, 465 
water thru porous dikes, 

63 

-- rate and eroslveness, 128 
Perldotlte, 86,260,296,308,330, 

341,342,344,385,392 

--a parent material of ser- 
pentine, 349 

— allochthonous soils from, 338 
-- analyses of, 347 

— laterlte from, 336 

-- manner of weathering of, 392 
-- reddish brown lixivium on, 

300 

— tract, agriculturally poor, 

352 

-- ultra -'basic, weathering of, 

345 


Perlite, analysis of, 520 
Permeability decreases as iron 
hydroxides lose water and 
change, 602 

-- for water, rate of, 677 

-- of different classes of soils, 

126 

— soil, affects erosion, 122 
-- — for water, 62 

-- -- soils to rainfall, 127 

— -- subsoils low. Increased 
erosion from, 600 

-- restoration of by long fallow, 

474 

Pennian formations, 260,262,273 
Pormocarboniferoua rocks, 419,428, 

Peroxidases In organic matter 
mineralization, I05 
Pervious soils from rocks with much 
iron, 524 

-- -- water economy of, 66 
Perviouaneso, excessive, of tuff sub- 
soils, 52'/' 

-- higher, of soils from basic 
rocks, 528 

-- improved by young ash; 670 
-- increased by Iron and humus con- 
tents, 622 

-- -- by iron hydroxide, 445 
-- -- by iron oxides, 639 
-- may decrease with irrigation, 491 
--of clay lowered with loss of 
iron, 456 

-- -- soil, depends upon quartz, 
iron, lime in parent rock, 334 
-- -- soils for water and air, dif- 
ferences in, 634 
-- -- to gases, 69 
-- -- tuff, reduced by weathering, 

363 

-- too high for long dry seasons, 487 
Pesechem tribe. New Guinea, 293 
Peats of paddy, 607 
Petrification, lack of, 592 
Petrochemical Laboratory, Geological 
Survey of Java, 40 
Petrochemical studies, 556 
Petrographic composition of acid ef- 
fuslvea, 520 

-- differentiation, importance of, 

515 

-- research, progress in, 13 
Petrography, 13,556 
-- of Java, 555 

Petroleum deposits a reason for 
geological study of Sumatra, 417 
Petrology, 5 

-- and chemical composition, 13 
pF of the soil, 690 
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pH and activity of microorganieme, 

106 

— — peat fonmtlon, 108,157 

— -- tenqperature low, retard humus 
decoiE5)08ltlon, h ^6 

-- concentration, effect on clay 
mineral formation, 527 

— depression, relation to degree of 
leaching, 566 

-- during weathering acidic ash to 
"black soil, 165 

— effect of sea water on, 58I 

-- for "black color formation, 168 
-- high, montmorlllonlte formed, 

616 

-- hi^er in less rainy climates, 

527 

--in marine and fresh water clays, 
differences between, I89 
-- Increase of, precipitates iron, 

337 

-- low from einphlblan and sub- 
aqueous conditions, 350 
-- -- in very humid climates, 527 

— — Increases iron movabllity, 
li+7 

-- lowered by subaqueous conditions, 

652 

-- lowering counteracts cementing 
tendency of ash, 677 
-- micro-local differences in, 603 

— not low enough for peat forma- 
tion, 5^8 

--of black earth and red lixivium, 

61i3 

-- --brackish water, hi^^er, 445 
--. — Cinchona soils, optimum, 602 
-- — ciay from granite, 4o8 
-- -- crater waters, 668 
— fresh Merap ash, 641 

— — ground water, 44] 

-- — limestone weathering, 65I 
-- -- marl soils high, 587 
.. -- old lake deposits-, 325 
-- — pepper soils, 411 

— -- red and gray soils, compared, 

581 

— -- rice soils, 587,686 

— — river waters hl^, 394 

— — sea water, and its effect on 
tuff coapoeitioD., 56I 

— — slit not low, 568 

— — soils, 328 

— soils from granites and 
schlstie, 525 

— — sugar cana soils, ^66 

— — jniiBjnp water, 4^1,^45,539, 

5T1. 

— « tea soils, desirable range, 

595 


pH of water, need of measurement 
of, 570 

-- raising of, 4l4 

— variations and effects upon pro- 
file development, l44 

— variations of, within very 
short distances, l48 

Phenocrysts in eruptive rocks, 29 
Phlohaphenes, 109 
Phonollte, 369,373 
Phosphatic fertilizers, acid, \dien 
to use, 687 
-- — effects of, 577 

— -- need of, 577 

— -- eroded soil, 476 

— -- on paddy effects of, 659 
Phosphorus, 8,230,390,556 

-- acld-aoluhle, value of 
figures of, 489 
-- and rice yields, 219 
-- ash sorted poorer in, 

574 

-- available, value of figures 

of, 489 

— behavior on weathering of 
minerals, 87 

-- clay very poor in, 590 
-- content of black earth’, hlg^, 

379 

— -- black earths, very low, 

616,688 

— - ejecta, 30,195,588, 

646,668 

— — intermediate rocks, 

521 

-- -- iron ore, 351 

-- -- magmas high, 66l,68l 

-- -- river waters, 397 

rocks, 207,261,378, 

518 

-- -- soils, 484 
-- -- adequate, 617 

— - high, 265,266 

low, 456,573 

-- -- variable, 326,328, 

340,382 

-- -- surface and subsoil 
compared, 509 
-- — volcfiuiic rocks, 558, 

598,618 

— -- in paddy soils, 443, 

608 

pepper soil, 413 

— deficiency of, 240,306, 

506,551-, 69s 

— determinatix^ of, im- 
portant, 25,27 

--In soils, 649 

— — not made, 13,l6,27,560,6'i 1 


Phosphorus determinations of, 
slgnlflcani# 638 

— distribution in volcanic glass, 

29 

-- easily soluble, very low content 
of, 596 

-- fertilization for tea, 596 
-- -- need of, 688 
-- -- no results from, 629 
-- -- response to, 649 
-- fixation of, 87 

— — by organic colloids, 88 
-- forms of, 13 

-- from mat'lere noire, 600 
-- Importance of, for paddy yields, 

650 

--in acid effuslves, 520 
-- --black earth and red lixivium, 

643 

-- -- cementery soil hl^, 659 
-- -- ejecta, not much difference 
between, 647 

-- -- iron concretions, 375 

-- -- soils, a limiting factor, 

503,504 

-- -- analyses, 327 

-- -- very low amounts, 576 

-- -- soils, 208 

-- -- tea soils, quantities, of, 490 

-- -- low in red lixivium, 581,625 

soils from perldotlte, 349 

-- methods of dissolving from soils, 

637 

-- not much expected, 283 
-- nutrient relationships, 460 
-- often a limiting factor of crop 
yields, 507 

-- quantities taken in by plants, re- 
lation to transpiration, 488 
-- requirement of llparltlc soils, 459 
-- soils rich in, limited, 3QI 

— some is better than none, 575 
Phyllltes, 12,297,385,419 

-- alluvium from, 339 

— calcareous, 335,514 
-- purple weathered, 336 

— soils from, 301,350 

Physical character of soil, lji 5 )ortance 
of, 301 

— characteristics coii 5 )enaate for 
low nutrient supply, 575 

Physiologically dry clays, 488 

Plcotlte, 345,392 

Pigeon pea, green manure on Ball, 

206,207 

Pilong (Acacia), 165,274 
Pino, 434 

Pine forests, runoff from, 62 
PinuB Merkusll, 430,437,439 
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Pip© clay, white, New Guinea, 290 
Plpor negrum,* 401 

— — cultivation of, Ull 
-- — Bee also Pepper 
Pleolltlc Iron ore, occurrence 

of, 571 

Pits, catch, to retard erosion, 

1^83,602 

Plagloclase, 16,17,19,86,92,94, 

353,355,374,403,452,517,520, 

560,655,656,689 

-- amphibolite, analysis of, 263 
-- andesitic, phenocrysts of, 

579 

-- auglte, 13 

-- basalt, analysis of, 263 
calcium-poor, unweathered, 

469 

-- calclujn-rlch, 14,83,456,469, 
486,633,634,668 
-- — weathering of, 624 
-- 00115)08 It Ion of, 558 
-- crystallization of, 88 
-- dissociation of, 8l 
--In granites, weathering of, 

359 

-- need of determination of 
amount of, 451 

-- richer and sooner weathered, 

469 

-- sodium-rich ,• 14,456,486 

— splinters In limestone, 384 
-- weathering of, 80,82,95 
Plains, New Guinea, 284,285 
Plant food cycle, lii5)ortance of, 

600 

— — substance, low level of, 

568 

-- -- substances brought In Irriga- 
tion water, 596 
-- -- In acid effuslves, 520 
-- growth and climate, correlation 
between, 567 

-- indicators of senile soils, 

300 

-- nutrient content of river waters 
conqpared, 58I 

-- — substances in tobacco soil, 
decrease of, 66O 
-- -- quantitative relationships 
between, 460 

— — supplying ability of soils, 
factors affecting, 639 

-- — power of the soil, measurement 

of, 636-637 

nutrients at 2 levels In soil, 

524 

— — good supply of available, 
necessary for cocos, 513 

In peat, 540 


Plant nutrients in rain and dust, 540 

— -- low, but physical character- 
istics coii5>ensate, 575 

-- -- mechanism of supply by soil, 
-- — absorption a dynamic process, 

637 

-- -- and soil relationships, 
chemical analyses cannot 
measure, 6II 

-- roots bring up soil moisture, 

64 

Plantation crops, 340,399,507 

— - lacking, 381 

— -- land better suited to, 535 
-- — limited to young volcanic. 

soils, 436 

-- -- on ll^t soils, 318 

-- -- relation to llparlte soils, 

451 

-- locations determined by water 
supply, 671 

-- region of Sumatra, 461-493 . 
Plantations, European, an Indica- 
tion of fertility, 533 
-- -- Importance of In Sumatra, 

472 

-- lands available for, in 
Central Java, 629 
Plants, adaptive power of, 56 
Plasticity, 47,487 

— high, 408 

of montmorlllonlte clays, 582 

645 

-- Increased by sea water satura- 
tion, 621 

-- number of soil and erosiv'eness, 

128 

-- -- limestone red earth, 65I 
-- -- soil, relation to creep, 

406 

-- reduction of by burning, 4l4 
-- relation to shrinking and 
swelling, 407 
Pliocene, 272,582 
Plot tests, necessary supplement 
to analyses, 219 
Plutonic rocks, 6 
-- -- analyses of, 16,17 
Pluvlograph, use in measuring 
rainfall penetrating soil, 

465 

PodocarpuB, 335,670,671,672,682 
-- adjacent to marsh peat forma- 
tion, 456 

Podzol, ground water, 4l0 

— profile development, l47-l48 
-- ppflles limited to certain 

parent materials, l47 
Podzols, occurrence In the tropics, 
147 


Poeger, Eastern Java, 684 
Poeroen danau (Leplronia mucronata) 
402 

488 -- rushes, 401 

-- tlkoes (Flmbrlstylls globulosa), 
402 

Pogostemon, 443,446 

Poor forest soil, indications of, 

283,302 

— rocks cannot give fertile 
soils, 367 

— soil, forest type on, 302 
-- — Indicators of, 286,340 

— soils, 304,398 
and b^dltry, .367 

-- -- deficient In several ele- 
ments, 659. 

-- -- extremely, Podocarpus an 
indicator of, 456 
-- -- for paddy, 503 
Poorest land of Java on marls, 589 
Population densities, variation 
In Celebes, 38I 

-- density and paddy yleJ'^a, 624, 

665 

— — soil character, 551,553,590 
-- -- soils of the Preanger, 592- 

593 

.. West Java, 574 
-- -- volcanic activity, 622 
-- -- volcanic activity, Europe, 

, 623 

-- -- as related to rock type, 

553,576 

-- -- In Borneo, 397 
-- — In Cheribon district, 6l4 
-- --In eastern Java, 687 
-- -- In Madoera, 693 
-- -- In Mlnahasa, 318 

— — in Southern Sumatra, 530 
-- density. West Sumatran Mts., 

501-502 

-- distribution of, Bantam and 
Preanger, 573 

-- effect of towns upon, 502 
-- — Krakatau ash on density of, 

531 

-- low, in parts of Celebes, 325, 
341 

— — Sumatran lowlands, 540-541 
-- — on marl soils, 590 

-- of Bangka and Billiton, 4l4 
-- — Borneo thin, 383 

— sparse, factors causing, 325 

— — on poor soils, 312,535 

-- -- Southeastern Celebes, 351 

— — under high rainfall, 329, 

574 

— — yet lacks land, 550 
Pore space, 67 
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Pore space, optimal for Cinchona, 
399 

-- -- variation of volume with 
molatura content, 66 
-- volume of a soil, 66 
Porosity of the soil, 67 
Porphyries, quartz, soils on, 390 
Porphyrlte, 246, ^^9 
Porridge of soil and water from 
marl hills, 621 
Potash, 518 
Potassium, 7,8,512,556 

— astonishingly low content of, 

456,573 

-- content high, 598 

-- — in certain magmas, 635,661 

-- -- of tobacco soils, 629,647 

— — low in dark ash, 668 

— — efflataa, 677 

— -- of acid effuslves, 520 

— — ash high, 560, '^33 

ejecta varies, 588,646 

-- -- magmas, 66l,68l 

rocks, 518,558,598,618 

high, 221 , 355,632 

-- -- shoahonite, 668 

soil, 212,484,636 

-- -- soils from basic rocks, 

528 

-- — soils, varies with the 
method, 636 

-- deficiency In paddy soils, 607, 
608 

of, 382 

in red lixivium, 581,625 

— distribution In the profile, 

602 

volcanic glass, 29 
-- estimation of, not sufficient, 

637 

— feldspar, 7,11,16,23,1(0^ 

-- -- weathering of, 9,77 

— fertilizer for pepper, 4l3 
-- — on paddy, effects of, 577 
-- fertilizers possibly Ineffec- 
tive on eroded soil, 476 

-- forma of, In land and marine 
tuffs, 361 

-- from matlere noire, 6^ 

-- held absorptively by clay, 538 
-- higher In some lixivia, 374 

— In ejecta, not much difference 
between, 647 

— leached by swan^) waters, 645 

— — easily from pervious soils 

63* 

-- -- from horizons, 661 

— out during weathering, 559 
-- rapidly- 602 

— low content of, con 5 )ensated for 
by dry season, 677 


Potassium, low in marl soils, higher 
in tuff soils, 622 

— low in soils from perldotlte, 349 
-- mica, weathering of, 83 

-- nutrient relationships of, 46o 
-- permanganate, oxidation of or- 
ganic matter by, 97 
-- rich rocks, weathering conditions 
of, 527 

-- saturation by sea water, 621 
-- silicate, 79 

-- small quantities absorbed, 510 

— sorted volcanic ash poorer 
In, 574 

-- sulfate, 413 

— -- on tobacco, effects of, 659 

— — upland rice, 577 
Potato cultivation, 232,244,588 
Potatoes grow well because of 

adequate elevation, 536 
-- production of, 436,460,534 
-- sweet, 275 

Pottery clay from river sediment, 

547 

-- -- rich In quartz powder, 
excellent, 428 
Predatory cultivation, 24l 
Preglacial eruptions, 467 
Protertlary formations, 383,419, 
427,514 

-- rocks, low population on, 

530 

Profile development In permeable 
materials, I63 

-- -- need for adequate knowledge 
of history of, 348 
-- -- thru illuviation of clay, 

658 

— formation In sedimentary 
deposits, 189 

-- Importance of the varlpus hori- 
zons of a, l46 

-- modification, factors affecting, 
152-153 

— senile, of talong, 543 
Profiles, black earth, I69 

— not deep, 524 

--of lahars and other volcanic 
deposits, 429,430 
Propylltlzed blotlte-homblende- 
ondesite, 449 

Prospecting for mineral values, 

392 

Protein, decomposition of, 110 

— In the soli, 97 

— — organic motter, I05 
Protozoa In organic matter trona- 

fornatlons, 107 

— — the soil, 98 
Paeudo-eand, 150,670 

diapers Ion ratio of, 132 


Pseudo-sand eroded by wind, l40 
formation of, 603 

— -- inqporbant to Cinchona, 599 

profile, 673 

-- -- see also Mountain granula- 

tion, 509 

— -- soil safe for Arabian coffee, 

673 

-- -- structure, eroslveness of, 

589 

Pteropod ooze, 266 
Pumice, 20,23 
-- analyses of, 21 
-- deposits, erosion of, 219 
-- soils, light colored, 216 

- stone, 10,246,366,528,570,633, 
668 

-- -- acid, erupted early, 212 
-- -- acid, poor soils from, 506 
-- -- acid, weathering processes of, 

213 

analyses of, 26,197,520 

-- -- and ash, terrific explosions 
of, 1(95,515 

-- -- andesitic, analysis of, 22 
-- -- black, 418,634,669 
-- -- glass in acid tuffs, 574 
-- -- pale, 495,517 
-- -- sandy, weak, light yellow, 

579 

tuffs, 499,552 

-- -- acid, soils from 510 

-- -- ollvlne-contalnlng, 194 

-- -- soils from, 429 

-- -- water laid, 500 

-- -- weathered, as subsoil, 579 

-- -- weathering of, 634 

-- -- weathers more rapidly, 356, 

452 

-- to sandy clay, 486 
white, 520 

-- -- with high silica and sonldlne 
content, 495 
-- weathering of, 89 
Purple clays tones and silt, 353 
Purplish brown lixivium, 589 
-- red clay from claystones, 359 

— — Iron silicate, 38I 

-- -- soil color from deep sea 
eedlmente, 324 

- - soils, 327 
Pyrlto, 86,87,94,241,560 

-- crystals from Poramlnlfera, 

178 

Prroieno, 7, 1^, 17,19,23,76,66, 178, 
392,558,684,689 

- sndoslt*,. 194,213,297,449, 

568,570,592,649,660,681 

— analyses of, 30,230,521 
-- andesites, laq)ortant parent 
materials, 632 
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Pyroxene, crystallization of, 88 Quartz powder, physical characterla 
-- In limestone, 174 tics lii5)arted to soils by, ^2 


-- olivine basalt, analysis of, ^21 — 

-- rhombic or monocllnlc, 344,349 
-- separation of, 2k 
Pyroxenes, weathering of, 85,90,345, -- 
346 

— weathering of during transport, 

394 

-- -- to colloidal Iron dioxide, 557 

Quality, special, on special soils, 

h6l 

(iuartz, 7,l'*,l7,19,J<0,353,3T0,i<10, - 

419, 452, 1(56,468, 469 

--a coii5)onent of sedimentary rocks, 11 
-- a diluent of soil, 283,359 
-- abundant In soils, 338,427,441 
-- clay and lime form marls, 589 
-- contaminated limestone, 656 
-- crystallization of, 88 
-- crystals abundant In tuff, 366 

deposited from river water, 549 

— -- growing In the soil, 408 
-- dlorlte, 355,515 

— analyses of, 15,262,519 
-- -- and granite compared with 

llparltlc efflatas, 516 
-- -- containing auglte, analysis of, 

15 

-- -- porphyrlte, analysis of, 519 
-- -- weathering of, 75,527 
-- flour, lii5)ortant In some soils, 389 
-- — In heavy paddy soils, 368 

— large amounts produced, 358 
-- formation of, 80 

-- free. In Sumatran pumice, 4l8 
-- grains, resistance of, 90 
-- -- slgnlf Iccince of sizes of, 585 
-- gravel residue In soils, 358 
-- hornblende andesite, 592 
-- Important In Borneo soils, 389 
--In limestone, 384 
-- -- parent rock affects soil 
pervlouaness, 334 

— sediments, I87 

-- — weathering granite, 95 
-- layers, bleached, 284 
-- mica andesite, 296 
•- -- ahalss, soils from, 350 
-- -- slate, 12 

— need of determination of amount 

of, 451 

— poiTphyry, 309,385,618,681 
-- — analysis of, 262 

-- — soils on, 390 

— powder, 395,690 

— — from marl country, 604 

— loam rich In, 428 

— — makes clay heavy and intracta- 
ble, 590,626 


— physically and chemically poor, 

378,621 

precipitation of silica on, 408 
propyllte, 449 

repreclpltatlon of. In soil, 160 
residual from weathering of granite, 
408 

-rich materials, soils from, 595 
rich rocks, sandy and loamy soils 
from, 438 

sand, 11,378,553,659 

-- and gravel bonks, infertile, 

428 

-- -- and powder moke soils 
heavy, 582 

-- — tngportont for podzol pro- 
file development, 147 
-- -- makes soil harder, 359 
-- -- residue from sedimentary 
rocks, 582 

— -- varying proportions of, 

681 

-- — white, abundant, 4l4 

— -- white after ignition, 

398 

— sarids tones, 39,246,498, 

582,618 

— schists, 147,355,361 

-- silt, a residue from sedl- 
men^ry rocks, 582 
-- -- high percentages in 
alluvia, 544 

-- solution of, by acids, 75 
-- trachyte, 449 
-- -- andesite, 449 
-- -- analyses of, 10,30 

— unweatherable, I78 
-- veins, 390,526 

-- weathering rate of, 9, 75, 

403 

Quartzite, 12 
-- analysis of, 39 . 

Quartzites, soils from, 350, 

390 

Quaternary formtlons, 383,419, 

552 

Quinine, 294 

— see also Cinchona 

Racial custom and type of agri- 
culture, 400 
Radiation, counter-, 99 

— from the soil, 65 

— Increases evaporation, 

60 

— phenomena, 99 

— solar, essential for organ- 
ic matter fonaatlon, 98 


Radlatloru solar, Intensity 
variation of, 100 

— — reaching the earth, 65,101 
Radlolarlan ooze, 266 

Rain, conpositlon, and coco 
growth, 609 

-- drizzling, frequent, 452,456 
-- factor of Long, 48 
-- factors and dew formation, 49 
-- forest climate, 55 
-- -- vegetation, effect on pH of 
water, 571 

-- forests, Immense tropical, 
of Borneo, 400 

-- meter, self recording, 465 
-- plant nutrient substances In, 

540 

-- shadows of Malacca and Sumatra, 

619 

-- surplus loaches soils serious- 
ly; 380 

-- water, carbonic acid In, 90 
-- -- In the tropics, purity of, 

72 

— -- proportion running off over 
surface, 127 

Rainfall and paddy yield, rela- 
tionships, 443 

-- -- percolation, relationships 
between, 66 

-- -- soil water relationships, 

465 

-- -- topography, relatione be- 
tween, 562 

-- annual, variability of, 50,51 
-- conservation, need of, 694 
-- distribution, variations in, 

51,310,340 

-- effect of Intensity upon per- 
colation, 465 

--effects of mountains on Sumatra, 423 
-- erratic values for, 331 
-- evaporated from vegetation, 

54,61,62 

-- excessive, 24o 

-- -- unfavorable for rice produc- 
tion, 460 

-- greatest recorded, 50 
-- heavier, decreases population 
density, 329 

— heavy, effects of, 421 

-- Increase with elevation, 610 
-- Intensity and soil permeability, 62 
-- --In tropics, 125 
-- -- Java, 562-564 
- lover, fertility more last- 
ing under, 507 

— of Boll, 196,198 
-- -- Borneo, 386 

Celebes, central 331-332 

-- — southern, 371 
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Rainfall of Celeljes, Toradja lands, 357 

Java, 562-564 

-- — Madoera, 69O 
-- -- Netherlands East Indies, 49 
-- -- New Crulnea, 279-282 
-- — Southern Sumatra, 523 
-- — Sumatra, 420-425 

— -- Sumatra's East Coast, 467 

— per rainy hour, 125-126 

— proportion penetrating into soil, 

464 

— rate, effect upon percolation 
and runoff, 465 

— — more accurate measurement of, 
needed, 466 

-- regions with low, II6 

— runoff of, measuring, 465 

— varlahlllty, 310,341 

— variations, no effect on coconut 
yield, 513 

Rainwater, fate of, 465 
Rainy days per year, 464 

— minutes per year, 464 

Rantja mlnjak soil, 2 l 8 , 224 , 6 l 5 , 6 l 6 , 

643 

Rattan, 313 , 328 , 400 , 546,552 

-- a forest crop, 340 , 343 , 402 , 437 

-- scarce, 283 

Ravines, canyon-llke. Ball, 195 
-- factors affecting formation 
of, 132 

Raw humus soils, rain factor for, 

48 

Rawahs, 44 l 

Reaction alkaline, from parent 
material, 377 

-- and alkali feldspar weather- 
ing, 79 

-- of river water, 74 

-- — weathering solution, 90 

— optimum for rice, 686 

-- (pH) affects solubility of 
Iron conqpounds, 84 
-- see also pH 

Recent volcanic ash soils, 64 l 
Recrystalllzatlon of rocks, 12 
Red and brown subaerial lixivia, 

619 

-- -- tints with eubaerlal 
weathering, 466 . 

-- -- brownish red lixivium, 
at lower altitudes, 467 
-- -- white flecked soils, 287 
-- -- yellowish flecked lixivium, 

566 

— clay, 359,568 

— — a deep sea sediment, 354 
-- --a marine diluvium, 499 

— In a non-senlle soil, 499 

— — regions, 300,375 


Red color, cause of, 87,324 
-- -- developed while submerged 
under sea, 324,499 
-- -- from dehydration of Iron 
hydroxides In the sea, 5^0 

— -- Indicates presence of 
minerals In original tuff, 

469 

-- -- Intensified by severe 
drying, 468 

-- darker, lixivia, 528 

— earth, 119 , 336 

-- -- altitude relationships 
of, 150 

— — and black earth from 
same parent material, 642 

-- -- calcareous (?), 352, 

586 

— -- from marls and lime- 
stones, 350 

— — on coral limestones, 

300 

— — physically favorable 
nature of, 5^7 

-- -- comparison of color forma- 
tion 168 

— -- formation, conditions, for, 

152 

— -- from limestone, 300,312 
-- -- tuffaceous limestones, 

587 

-- -- Iron content too low to 
form, 656 

-- — limestone, 688 
-- -- impoverished and decal- 
cified, 658 

— -- not normal on moun- 
tains, 150 

-- — poor on limestone moun- 
tains, 351 

— -- rain factor for, 48 

-- — sandy clay, mechanical 
analysis of, 36I 
-- -- see also Red lixivium 
-- — senile, factors affect- 
ing eroslveness, 131 

— — weathered out, from 
granite, 36I 

— ferrocyanlde In teat for 
ferrous Iron In soil, 582 

-- flecked and flamed, develop- 
ment of, 652 

-- — clay on low knolls, un- 
stable, 283 

— In deeper profiles. New 
Guinea, 290 

-- Infertile lixivium from schists 

505 

-- knolls, not sultedfor oil 
palms, 403 


Red land, 469 

— lands, second crops on, un- 
successful, 581 

-- lateritlc concretions, 526 
-- -- conditions under which 
they form, 524 
-- laterlzed earth, 267 

— lixivium, 334,396,582,594,595, 

612 , 651 , 659 , 661 ,664,673, 685 , 

689 

-- -- a distinctive sort of, 621 
-- -- allochthonous, 662 

— — better, from marine sedi- 
ments, 589 

-- -- black magnetic Iron sand in, 

557 

-- -- comparison of different 
types of, 621 

— — contrasted with calcareous 
black earth, 643 

-- -- darker from hornblende 
and hypersthene, 469 
-- — from conglomerates and 
tuffs, 629 

— -- dark green marine marl 
tuffs, 622 

-- on basaltic and andesitic 
materials, 652 
-- -- mixed gravels, 300 
-- -- volcanic conglomerated, 65^^ 
-- -- poBsibllitles of fertilizers 

on, 625 

-- -- relation to latorlte, l 46 
-- — soils on knolls, 471 
-- -- unsulted to coffee, 673 
-- -- variations with change of 
elevation, 534 
-- -- various sorts of, 661 
-- -- textures, 657 
-- loam from loams t one s, . 359 

— or brown soils from tuffs, 58' (' 

— orange to yellowish flamed 
lixivium of Lafayette serloe, 

658 

-- quartz-free lixivium, 553 

— sandy lixivium, 468 

-- sediments in the sea, source of 
color of, 324 , 499 
-- senile mountain clay, 6 T 3 
-- soil aids formation of Iron 
concretions, 683 
-- — colors, origin of, 324 
-- -- poor, 541 
-- soils become redder, 4 o 8 
-- — from calcareous materials, 

595 

— humus In, 470 

— — never heavy lii5)ervlou8 

clay, 161 

-- — of Batavia plain, origin of, 

580 



Ked aolla reserved for paddy and 
coffee, 512 

-- tree crops, suitable for, 58I, 

661 

to reddish brovn lixivium soils, 

670 

-- -*• soil on limestone resistant 
to sliding, 658 
-r -- ysllOW GOilQ, 539 
-- yiiile clay indicates land eedl- 
ments, 286 

-- New Guinea, 289 
-- -yellow and gray-flocked clay, 526 
-- -- -white -brown-orange flecked 
subsoil, 525 

Redder and yellower soil with leas 
erosion, ii98 

-- soils are more senile, 598 
-- -- from volcanic products, 

441 

-- the soils the closer to the 
hills, 441 

Reddish black marsh soil , 605 
-- -- soils from tuffs? 587 
-- brown alluvial soils, 338 
-- -- iron oxide streaks and 
veins, 609 

-- — lixivium, 429,468,526,549, 

579,660,671,687 

-- -- from ash high in Iron, 677 
-- -- highly senile, 578 
-- -- mountain granulation of, 

509 

-- -- on volcanic conglomerate, 626 

-- -- profile of, 5^2 

-- -- senile, 537 

-- -- soil from andesite, 431 

-- -- to brown silt benefits Ju- 
venile ash soils, 677 

red lixivium, senile, 594 

-- cast of pale gray color, 44l 
-- fine sandy loams from marls, 

589 

-- gray lixivium where humus suf- 
ficient, 657 
-- -- loams, 684 

-- sand of Lafayette series, 658 
Redness accompanies senility, 

59i+ 

Reduction processes In mineraliza- 
tion of organic matter, 105 
Reeds for making mats, 402 
Reef lime of elevated corals, 3^5 
— limestone, 36 I 
Reforestation capacity low on 
poor soils, 278 

-- desirable for restoring soils, 

478 

-- for rejuvenating coffee lands, 

508 
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Reforestation for water conserva- 
tion, Soembawa, 225 
- need of, 244,269,546 
-- problems of, on eroded slopes, 

653 

Refractive indices of minerals, 

77 

Regur soil compared with black 
earth, 173 

-- -- Hindustani farmer on, 

402 

India, 165,172,402 

Rejuvenation of senile soil by 
volcanic ash, 403,509,609, 

649,668,671,685 

-- -- soil by Krakatau ash, 

529,530,536 

-- -- continuous on steep 
slopes, 324 

-- -- following forest clear- 
ing, 361 

-- -- soils by irrigation, 689 
-- soil waiting for, 532 
-- with ash makes soils rich 
chemically, 662 

Rejuvenations (reforestation), 

631 

Relative humidity and hygroscopic 
moisture, 65 

-- effect upon soil condi- 
tions, 564 

-- — high during night, 452 
-- -- Minahasa, 31^ 

Ronah lands, Sumatra, 517,5^6,548, 

549,990 

Research, earlier, worthlessness 
of much, 46l 

-- need for cooperative, field, 

436 

-- soil, importance of in 

Sumatra's plantation region, 

46.1 

Resins in the soil organic mat- 
ter, 105 

— resistant In the soil, IO9 
Respiration of plants, effects 
of ten^^eraturos on, 102 
Restoration of favorable physical 
conditions by long fallow, 474 
Restoring coffee soils by green 
manuring, 907 
Rhlzophora, 445 
Rhyolite, 246, 260,417, 418,517 
-- analyses of, 20,261,262 
-- soils derived from, less 
fertile, 390,531 
Rhyolitic effuaives, 384 
Rice, 227,273,536,5^6 
-- cultivation, irrigated, 

Soemba, 255 


Rice culture, 218,399,507 
-- disadvantages because shallow 
rooting, 487 

-- favorable conditions for, 685 
-- fer-tlllzation of, 629 

- fields,. 183,339 

-- -- Bee also Paddles 
-- grown in paddles and in 
Kair^lna, 457 

-- lowland, an lii5)ortant crop, 

436,604 

— -- cultivation of, 258 

-- -- In the liparltic region, 491 
-- -- more raised under influence of 
volcano, 53^ 

-- -- see also Paddy 
yields of, 212,320,399,458, 

502,627,650,665 

-- on less fertile clays, 664 
-- planting on natural levees, 5^9 
-- production, excessive rainfall 
unfavorable for, 460 
-- seldom grown, 339 
-- soil not suited to, 658 
-- soils, 64l 

-- -- for, not yet mapped, 492 
-- --pH range of, wide, 987 
-- too poor for, 398,402 
-• temperature a limiting factor 
for, 499 

cultivation, 206,298,319,320, 

399 

-- -- kalnglning for, 4ll 
-- -- no kalnglning for, 433 
-- -- see also Upland rice 
-- -- unimportant, 443 

- - yields of, 340,399,492, 905,533 
-- yields and fertilizers, 577 

-- -- in lebaks, 990 

-- -- international comparisons of, 

492 

-- -- low on rod earth, 391 

— -- modest on senile soils, 628 
-- -- Increasing, 693 

-- -- pa.idy and kalngin methods 
contrasted, 459 
-- -- unavailable, 546 
Rldgo and paddy culture, shifting 
soil to make, 624 
-- cultivation of vegetables, 625 
River bods elevated above plain, 
unstable, 639 
-- deposits, rec6nt, 471 
-- discharge, relation to rainfall 
quantity, 564 

-- flood plain, characteristics of, 

44 0 

-- load, transformation during 
Journey, 39*+ 

-- waters, reaction of, 7^ 
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Rivera, discharge of, 

-- effect on reaction of sea water, 

73 

-- large, of eastern central Java, 
661 

— of "better standing, 5^8 
Road metal, bean ore as, 5^6 
-- — plsolitic iron ore as, 

571 

Roads, dependence of agriculture 
upon, 537 

Rock analyses, 13,15 
-- composition, criteria for 
estimating, 430 

— — wide variation in, 588 
-- type, relation to land 

utilization and population, 

576 

Rocks, acid, 17 
-- -- analyses of, 20,?62 
-- -- low in iron and magne- 
sium, 23 

-- -- peat on, 284 
— Plutonic, 88 
-- -- relation to production 
and population, 575 

weather slowly with low 
pH, 5?7 
-- age of, 10 
-- analyses of, 221 
-- andesitic, thin, poor soils 
from, 499 

-- basaltic, thin, poor soils 
from, 499 
-- basic, 17 

-- -- crystallization of, 88 
-- -- give rise to better 
soil, 572 

— — eruptive, 88 

-- -- relation to productivity 
and population, 576 

— — volcanic, weathering of, 

143 

-- calcareous, lnqjortant in New 
Guinea, 276 

— classification of, 5 

— dacitlc, 19 

-- density of, 10 

— effusive, 7 

-- effusive, analyses of, I 8 
-- genetic classification and 
veatherablllty of, 6 
-- glassy, silica content of, 

26 

-- granitic, coii 5 >osltion of, 

15 

— hardness of, 10 
-- Igneous, 5 

-- — crystals lattice of, 78 

— — studies of, 556 


Rocks, intermediate, relation to 
productivity and population, 576 

— Intrusive, 6,10 
-- magmatic, 7 

-- -- composition of, 15 

-- massive, studies of, 556 

-- metamorphlc, 5 

-- — analyses of, 39,40 

-- -- origin of, 12 

-- — studies of, 556 

-- mlneralogical analyses of, 

13 

— older, increasing eastward 
in Java, 582 

-- pedologlcally and 

petrographically similar, 

530 

-- petrographic composition of, 

13 

-- Plutonic, 6,10 
-- -- composition of, 15 
-- -- weathering of, 89 
-- relation of kinds to land 
use and population, 593 
-- sedimentary, 5,10,38,556 
-- -- associated with tuffs, 

561 

-- slllclc-acld poor, 15 
-- — weathorablllty of, 9 
-- — rich, 15 

-- -- woatherabllity of, 9,10 

— soil-forming, 7, 13, *261 -263, 
330,416-420 

-- transformations of Igneous, 

416 

— ultra -basic, 330 

-- -- rich In iron, 342 

— volcanic, analyses of, 559 
-- -- variation in coii5)osltion 

of, 556 

-- weathering of, 88-96 * 

Roe or leather brown color of 
soil, 654 

Rolling out limit, 487 
Root canals affecting infiltra- 
tion, 124 

— channels, ore deposits along, 

161 

-- concentration in the surface 
soils, seriousness of, 600 
-- growth important in obtaining 
nutrient supplies, 638 
-- — into moisture soil, 64 
-- rot of paddy, cause of, 367 
Roots, depth of, in the soil, 64 
--on surface of ground, 395 
-- selective capacity of, for 
lone in soil moisture, 400 
Rose colored clay, decreased 
permeability of, 602 


Rose red color of weathering marine 
deposits, 594 

— -- tuff, soil from, 635 
Rosin from Pinus Merkusil, 437 
Rotalia, sulfur fixation by, I78 
Rotation of cotton with paddy, 665 
-- -- rice with legumes, 219 
Rough topography, senile profiles 
lacking on, 367 

Royal Magnetic and Meteorological 
Observatory, 49,315 
Rubber an Important crop, 546,675 
-- cultivation displaced rice on 
poor soils, 511 

-- -- native plantings of, 510,54^ 
-- -- replaced coffoe, 479 
-- failure, reasons for, 531 
-- grows on soils too poor for 
Cinchona and tea, 603 
-- -- whore dry season not too 
long, 661 

-- (Hevea), 400,443,446,576 
-- limited water available for, 

673 

-- native plantings not on more 
fertile soils, 510 
-- not limited by soil requirements, 

493 

-- only plantation crop suitable on 
tuff soils, 573 
-- optimum reaction for, 686 
-- plantation and native compared, 
481 

-- plantations, 553,568,569,587, 

626,671 

-- -- elevation limits of, 673 
-- — where rainfall more favorable, 

679 

-- planted on lighter soils, 682 
-- production, 399 
-- -- by natives, 511 
-- regions, soil of the, 5II 

— soil suited to, 687 

-- soils air relationships of, 68 
-- -- poor for, 245, 4l4 
-- yields compared, 48l 
Running together of silt, 487 
Runoff from the soil, 53 

— of rainwater, factors affect irig, 

465 

-- -- rivers, classification ^of, 

55 

Rushes, Indicators of poor drainage, 

443 

Russian School of soil science, 31* 

S and T relationships in the profllt^j 

525 

Sabulous clay soils, 486 
Saccharum spontaneum, 240,498,651 
Sago palm, soils for, 445 
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Sago palm swarapa, 305, 31?, 399 
-- principal aubaletcnce crop, 

304,305 

-- production and preparation, 305, 
312,315 

Salt and freeh water relatlonahlps 
in rivers, 539 

-- -- relatlonshipa in aatui'atod 
soils, 466 

-- beneficial for cocos, 512 
-- content low In circulating wa- 
ter, Iron not dehydrated, 499 
-- Industry, 693 
-- pans, 693 

-- water deop in coastal 
* clays, 466 

Sampling rocka for analyses, 
need of mlnoraloglcal separa- 
tions In, 558 

Sand, a diluent of aoll fertility, 

29? 

-- banks, class if 1 cation of, 

18 t 

-- wdathored Into autochthonous 
soil, 410 
-- bars, l84 

-- black, basic volcanic, 304, 318 
-- -- magnetic Iron, in lixivium, 557 
-- calcareous, classification of, I87 
-- coarse, permeability of, 126 
-- coral, 304 
-- dunes, 583 

-- false, or mountain granulation, 

132, 150 

-- ferruginous, permeability of, 

126 

-- fertile volcanic, 578 
-- from cracking of clay, 66 

— older rocks, 561 

-- granitic, a danger for 
paddles, 339 

— ln^iortonce of. In Cinchona 
soils, 599 

-- light gray, from granite, 334 

— llparltlc, 470 

-- moved by the wind, 139 

— quartz, from Miocene rocks, 583 
-- ridges, Northern New Guinea, 

294 

-- valuable, as bed load goes Into 

sea, 664 

Sands coastal, coconut yields on, 

513 

-- reddish tinted. New Guinea, 

289 

Sandstone, 187 , 322 , 330 , 333 / 383 , 

>103, Itoit, 441, 446,41*7, W, 501 *, 51 **, 
547,552,572,681 

— effect of on well water reaction, 

74 


Sandstone, marine, 39 

-- poor soils from, 506,534,535,538 

— quartzltlc, 39,370,419,427,514 
-- soils from, 301,410 

-- tuffaceous, I87 
-- weathering products of, 541 
Sandstones, calcareous, 384 
__ quartzltlc, 586 
-- dJslntegmto in proportion to 
clay present, ‘497 

— gray and green, 592 

— profiles developing on, 525 

— weathered subaqueously low In 
Iron, 4 10 

Sandy loam, permeability of, 126 
-- loams, light, from loam shales, 

389 

-- ridges and plains, cocoa 
planted on, 484 

-- silt soils for cinchona, 5^9 
-- soil, coarse, droughty, 468 
-- -- quartz, low coconut yields 
on, 513 

-- soils from limestones, 656 
-- surface soil, plowing under of, 

658 

-- tuff material transported to 
plains, 429 

Sanliine, 19,23,29,75/452,456,499, 

517 

-- high content in pumice, 495 
-- need of determination of amount 
of, 451 

-- phenocrysts In white tuffs, 520 
-- weathered, dull, 469 
-- weathering of, 95 
Satiny light effect of muddy water, 

359 

Saturation deficit and evapoi'atlon, 

60 

-- — Meyer, 49 
Savanna, 216,271,371 
-- artificial or natural, New 
Guinea, ?B2 
-- climate, 55 

-- conditions causing formation 
of, 692 

— organic matter production in, 

103 

-- vegetation, factors which con- 
trol it, 680 

— with scattering trees, 288, 

673 

Schist, onqphlbole-rich, analyses 

of, 261-263 

— chlorite, analysis of, 263 

— glaucophane, analysis of, 39 

— hornblende, analysis of, 263 

— mica, analysis of, 39 

— muscovite, 335 


Schist, muscovite epldoto, analysis 
of, 39 

-- region, sparse population of, 

351 

Schists, 333,353,403,404 

— allochthonous soils from, 338 
-- bettor than peridotltes and 

serpentine, 352 
-- clay weathering of, 4l0 
-- crystalline, 275,276,297, 

330,341,344,355,370,419,515,522, 

530,618 

-- -- soil profiles developing 
on, 361,524 
-- -- subsoil of, 529 
-- paddy soils from, 340 
-- proflloa on tary with rock 
coirqjoaition, 525 

— silt from, 350 

-- soils fair from, 350,352,460 
Schleichera oleosa, 274 
Scoriae, 668 

-- -rich soil deficient in water, 

679 

Sea, beneficial effects on sedi- 
ments, 578,623 
-- breezes, 322 

-- cuiT’ents, differentiation of ash 

by, 635 

-- effect of, on mud flows, 58O 
-- fertilizing influence of, 
on cocos, 546 

-- level change, misleading 
evidence of, 466 

-- modifies values of silt deposit- 
ed, 623 

-- spray, effect on cocoa, 513,609 
-- -- in^lurlous for tobacco, 514 
-- water, action on feldspars, 

82-83 

-- -- beneficial for cocos, 512 
-- -- effect on clay minerals, 

358 

-- -- effects of alteration by, 594 
-- on colloids, 83 
-- -- soil material, 87,621 
-- -- reaction of, 73 

— -- serpentlnizatlon by, 86,349 
-- -- solvent of phosphorus, 88 
Second crops following paddy, dif- 
ficult to manage, 626 
Sediment, classes of, transported 

by river, 664 

— good, 550 

-- In suspension, high quantities 

of, 631 

-- infertile, high In quartz silt, 

547 

-- rich In plant food and clay, 

366 
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Sedimentary deposits, alteration 
ty river changes, l88 
-- soils from, 178 

— rocks, 5,10.38,275 

-- — chemical analyses of, 
scarce, 558 

— — differentiation of , 10 

— -- Igneous transformed into, 

hi6 

-- -- weathering of, 11 
Sediments, clasolf Icatlon of, 

187 

-- coastal, 11 
-- deep sea, 438 

— differences between, 537_ 

-- formation of, 10 

-- fresh water, I87 
-- marine, 11,18/ 

-- -- and fresh water, contrast- 
ed as soil formers, 355 
-- -- and terrigenous con- 
trasted, 537 

--of eastern Sumatra, charac- 
ter of, 537 

-- on Borneo, source of, 385 

— outwash, from river over 
lowlands, 539 

-- parent materials of soils, 

186 

-- primary and secondary, I87 
-- terrestrial, origin of, I88 
-- transported in great quantity, 

658 

-- unweatherable, 187 
-- weatherable, I87 
-- weathering of and resulting 
soils, 187,188 

Selective weeding for soil con- 
servation in tea estates, 483 
Semangka (Cltrullus vulgaris), 401 
Senile alluvl'am deposited by cer- 
tain rivers, 44l 
-- black earth, method of forma- 
tion, 684 

-- brownish black swamp clay soil, 

649 

-- erosion products, worthless, 

5^7 

-- lixivium, 300,526,596 
-- -- on moist slopes, 429 

— reddish brown, 66O 

— profile of talang, 543 

-- red soils, tree crops on, 

661 

— reddish brown lixivium, 578 
.. — to red llxlvl^rm, 594 

-- soil benefited by good irriga- 
tion water, 622 

— -- contrasted with Juvenile, 

600 


-- profiles uncommon because of 

tectonic movements, 367 
-- -- redder, 594 

__ — rejuvenation of, by ash, 649 
-- -- remains uninhabited, 533 
-- soils, 537 

-- from porldotlto very infer- 
tile, 342 

-- -- more acid, 528 

-- not always red, 499 
— plant indicators of, 

300 

.. -- strongly leached out, 510 
-- stage cannot develop on rough 
topography, 324 

definition, 566 

-- -- in soil weathering, 142 
-- stages precluded by erosion 
and heavy rainfall, 358 
-- weathering stage on orange 
red soil, 429 

Senility increases chances of 
failure under cultivation, 

602 

Sereh oil, 4l4 
Sericlte, 353 

-- schist, weathered to sandy 
clay, 336 

-- schists give better soils, 

350 

Serpent ine , 12,76,84,260,275^296, 
330, 336, s'*?, 3'*8, 370,365, '*'*1,610 
-- allochthonoua oolla from, 330 
-- alteration of, 393 
-- analysis of, 263 
-- development of, 86 
-- from peridotite, 349 
-- manner of weathering of, 392 
-- poorer soils from, 352 
-- schist, 419 

-- -- soil weathered from, 342 

-- shales, 12 

-- weathering of, 86 

Serpent ini zat ion, 86,349,390 

--by sea water, 560,592 

Sesquloxldes, 8 

-- and eroalvenesa of oolls, 

131 

-- behavior In weathering, 143 
-- moveable in acid soils, 157 
-- summary of conditions favor- 
ing removal, l62 
-- unaffected in alternating 
weathering, 154 

Shale altered by contact meta- 
morphlsm, 56I 

-- subaerial weathering of, 
products of, 428 
Shales, 383,403,419,441 


Shales, clay, disintegration in 
proportion to clay, 497 
-- crystalline, soils from, 350 
— extensive, 618 
Sheet erosion, 122 
-- — factors which affect it, 122 
Shell residues in soils, 325,327 
Shonkinlte, analysis of, 263 
Shore line, advancing of, 400 
Shoshonlte, 668 
-- glassy, analysis of, 31 
Shrimp scrap fertilizer, 413 
Shrinkage, amount of linear, 407 
-- of clay, linear, 

suggest montmorillonite, 585 
Shrinking and swelling power, 

strong, of montmorillonite, 645 
-- -- relation to creep, 407 
-- -- the soil, 47 
-- with decreasing water content, 

66 

Silica, 518 

-- content low in true basalts, 666 
-- -- of ash increases with distance 
from crater, 633 
-- -- glassy rocks, 26 
-- -- rocks, 16 

-- volcanic rocks, 33^557 
-- fragments, Increasing proportions 
In stream load, 363 
-- in artesian well waters, 82 
-- -- spring water from volcanic 
regions, 398 

-- increased solubility in more acid 
media, 82 

-- leached rapidly from soils high 
in iron, 342 

-- lowered dissociation in acid 
media, 8l 

-- red iron, gravel, 370 
-- -- increases down stream, 366 
-- relative leaching and deposition 
of, 346 

-- -rich colorless glass, 626 
-- -- mountains, 544 
-- richer, paler efflataa con- 
verted to white tuffs, 647 
-- see also quartz 
--/sesquloxlde ratio and eroalvenesa 

128,131 

-- sinter about aolfataraa, 80 
-- white, increases. down stream, 3'" 
-- B, from volcanic glass, 89 
Silicates, methods of linkage of, 

76 

-- weathering of, 77 
Silicic acid, 8,78,359 
-- — and tuff formation, 155 
-- -- cementing effects of, 592 
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Silicic acid cementc conglomoratoa , 
6l8 

-- — concentrates In phonocr^ute, 
669 

content as high as white 

pumice stone, 633 
-- — of rocks, 9fl7 

— — dissolved from olivine, 3^46 
-- -- free, liberated, 37U 

— high In acid marine tuffs, 

5711 

-- -- leaching of, II9 
-- -- magma richer In, 635 

— -- movements of, 199 

-- -- moves In the sol form, 

81 

-- -- precipitated, 4o8 

— — In deeper horizons, ce- 
menting tuff, 501 

-- -- proportions of, and rock 
chracter, 7 

-- -- residue from humous water 
weathering, 01 
-- -- rich ash sorted from 
andesitic eruption, 633 
-- -- soluble in crater water, 

80 

-- -- rain water, 4o8 
-- -- varying solubility of, 

■ li4J4 

Sillclflcatlon, '390 

-- hydrothermal, 526 

-- under the white clay layer, 

595 

Slllcified volcanic glass silt, 
unfavorable effects of, 975 
Slliclfylng of very acid crater 
water, 668 

Slliclous cement of tuffs, 58O 
-- slates, soils from, 390 
Silicon ions replaced by aluminum 
ions, 77 

-- leached out slowly during 
weathering, 559 

-- loss important than Iron, cal- 
cium, and magnesium in soil 
formation, 634 

-- more In ash farther from crater, 
-- movements In the profile, 66I 
-- nutrient relationships of, 460 
Silt, absence of, makes river water 
poorer, 534 
better quality, 626 
-- calcareous, 394 
-- -- prevents peat formation, 

284 

-- color changes from red to brown, 

373 

-- colors sea brown, 624 

composition of, Importance for 
Daddy Irrigation, 527 


Silt deposition, rate of, New 
Guinea, 284 

-- fertilizing effects of, 590 

— filling the swamp, 568 

-- flocculation In sea water, 

184 

-- from ochlata^ marls and lime- 
s tones, 350 

-- In irrigation water, need of 
analysis of, 328 
-- -- suspension. Increase down- 
stream, 363 
-- Infertile, 546 

— insoluble constituents of, 538 
-- mixed and blended by shore 

currents , 624 

-- quality factors which affect, 

576 

-- -- of, affects soil nature, 

576 

-- quantities carried by rivers of 
Java, 65B 

-- quartz, high percentages in al- 
luvia, 544 

-- resistant, gives unfavorable 
physical characteristics to 
paddy soil, 575 
-- rarining together of, 407 
-- senile, worthless, 285,547 
-- size limits of, I83 
-- transfonnatlon during river 
transport, 394 

-- transport by streams, 183 
-- variable quality of, for soil 
fonnatlon, 623 
-- volcanic, 661 
Silting up of river by erosion 
products, 329 

Silts, liEpoverisliment of soils by, 
610 

Sink holes, limited formation of, 

654 

-- -- soil changes In, 652 
Sinking and/or rising of the land, 
effect on soils, 206 
Sint'^r, silica, about solfataras, 

80 

960 Sisal, extensive plantations on 
well di’ained lands, '^■'89 
-- possibilities for, 3I3 
-- soil requirements of, 483 
-- soils poor for, 246 
-- suited to heavy soils, 591- 
Skeleton soils, 316 
Sky radiation for plants, 99 
Slag, black basaltic, weathering 
results of, 634 
Slaking of heavy clay to fine 
dust wind eroded, 657 

— value and eroeivenese, 128, 

129 


Slate, 12 , 187 , 4 27 ,428,441,447, 

618 

— nodular, 514 

-- slliclous, 353/ 39'1;419 
Slates, clay, profiles develop- 
ing on, 525 
-- -- soils from, 390 
-- glistening, 385 
-- -- soils from, 3OI 
-- gravelly, 42'(’ 

-- gray and black, 419 
Sliding marl loams, 621 
-- of marine clays, 657 
-- soils, 177,40 'i' 

-- -- on marls preclude paddy 
cultivation, 596 
Slope and runoff, 62 

— effect upon .percolation of 
lalrifall, 465 

Slopes, stoop, contrasted with 
valleys, 432 

Sludge-llke sedlmc^nt from erosion 
of marls, 615 

Snow, perpetual, Nov &jlnta, 26o 
Soda, 6 

Soda 1.1 te trach;)'te, analysis of, 

38 

Sodium, 556 

-- absorbed, high amount of, 

510 

-- Bantam tuff notably rich in, 560 
-- bicarbonate in weatherir*g ex- 
tract, 92 

-- carbonate In water, 75 
-- -- bad for tobacco, 514 
-- -- effect on cocos, 512 
-- -- in sea water, 82 
-- content increasea with depth, 

602 

-- -- of raagnHs low, 66 1 

-- -- rock, 510,518 

-- -- soils frc.nr basic rocks, 528 

— — volcanic rocks, 558 
-- feldspar, 75 

-- forais of, in land and mrine 
tuffs, 561 

-- held absorptive!.} by clay, 

5j8 

-- higli quantities in soil, 61 d 
--I n acid effusives, 519 
-- -- ground waters, 676 
-- -- various soils by different 
methods, 6.36 

-- leached by swamp waters, 646 
-- -- from horizons, ool 
-- -- weathei'iiv? pyroxenes, 34 o 
-- -- out rapidly during weather- 
ing, 559 

-- leaching rates of, 602 
-- measurement of, In absorption 
complex, 637 
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Sodium rich andesiteo, weathering 
conditions of, 5^7 
-- saturation by sea water, 621 
-- silicate, 79 

-- too much in the absorption com- 
plex, 510 

Soil acidity increased by unfavora- 
ble effects of silt, 575 
-- aeration, good, important for 
cocoa, 513 
-- air, 67-70 

— -- channels of escape of, 124, 

125 

__ movements caused by water 
movement, 63,64 

— analyses, 210 

-- --by different methods, 636 

— -- impossibility of correla- 
tion of, 648 

-- -- ground, differences between, 
1^0 

-- -- steepness of slope, rela- 
tionships of, 150 
-- atmosphere, composition of, ^>8, 

69 

-- burning for pepper, 413 
-- -- unnecessary in Atjeh, 445 
-- calcareous, for fruits and 
vegetables, 305 

-- capital, squandering of, in 
coffee growing, 550 
-- character altered by variations 
in tuff composition, 56O 
-- --by deduction, 2'i'4 
-- -- deteimilned by iron content 
of parent rock, 524 
-- characteristics Influencing 
raoint'ure content, 47 
-- — needed by oil palms, 483 
-- climate, 41,71 
__ — complicated character of, 

70 

-- — continuously wet, 310 

-- -- need of more Infomatlon 

about, 466 

-- climates, variation in, 6l 

— color and soil temperature, 43 

-- -- changes with drainage, 471 

— -- effect upon evaporation 

losses, 465 

— colors from weathering of inter- 
mediate tuff, 560 

-- -- purplish rod, origin of, 324 
-- -- variegated, 396 
-- conservation Service, U.S.A., 

127 

-- correct handling of for good ro' 
suits, 484 

-- cover, effect upon percolation 
and runoff, 465 
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Soil creep, 4o6 

— crumbs, rapid erosion of, 359 
-- depth, factors controlling, 

311 

-- deterioration serious with for- 
est clearing, 490 
-- -- under coffee, 550 
-- — under tobacco cultivation, 

473 

— differences, minor, shown by 
tobacco, 464 

-- embryonal, 316 
-- erosion, 121 

-- — followed forest destruction, 

670 

— aeo also Erosion 

-- excellent quality, 536 
-- fauna, 97 

-- fertility and parent rock, 
close relation between, 533 
-- -- and population density, 

294 

-- -- signs of low, 303 
-- flora, 9'/’ 

-- -- of Equatorial mountains, 

279 

— formation active forces of, 

4l 

-- -- and weathering rate, 9 
-- — processes, 71 
-- forming rocks, 13, 2^1 6 -247, 

275,309.447,462,1*94,555-561 

-- gases of paddy soils, 68,69 
-- hopelessly poor, 365 
-- humus eroded following forest 
cutting, 525 

-- impomeable, unfavorable for 
cocos, 513 

-- impoverished, forest will not 
return on, 5*0 

-- impoverishment from heavy rain- 
fall, Flores, 240 

— improvement by volcano, 534 

— management by natives better 
than by Europeans, 369 

-- mapping, progress in. Java, 567 
-- maps, lack of, 65O 
-- -- of Java, 567 
-- microbiology in Netherlands 
Indies, decline of, 105 
-- modification for intensive crops, 
401 

-- moisture, 45-49 
-- -- alkaline, 645 

— -- ascent thru plant roots, 64 
-- -- changes In the amount of, 

47-48 

-- — content, effect of climatic 
factors upon, 564 

— dynamic character of, 47 


Soil moisture inadequate for plant 
growth, 692 

-- -- low In Madoera, 69O 

-« — movement, Importance of, 638 

-- -- slow rate of, 64 

— -- rate of movement important, 

630 

— -- vegetative cover affecting, 6l 
-- more fertile, from basic erupt! ves, 

456 

-- pale because of low iron content, 

350 

-- particles. Importance of their 
character, 47 

-- poor, excessively pervious, 438 
-- -- from Tertiary marls, 584 
-- -- paddy yields on, 506 
-- — population low, 501 
-- profile, 119 

-- -- difference from a sanqplo of 
earth, 148 

-- — importance of characterizing 
fully, 146 

-- -- modified by erosion, l4l 
-- profiles, heterogeneity of, 124 
-- quality affects sugar cane 
Juice purities, 628 
-- reaction and adsorbed gases, 
relationships, 70 
-- rejuvenated by ash, 220,529 
-- research, failure of earlier 
methods of, 46l 

-- -- Importance of, in plantation 
crops, 46l 

-- sample data. Importance of, 485 
-- samples, worthless without ac- 
curate data, 485 
-- saturated, soil air in, 67 
-- Science institute-, Bultenzorg, 
Java, >67,577 

-- -- recent progress in, IO5 
-- -- tropical 2 

— shrinking with decreasing water 
content, 66 

-- sliding, from marls, I77 
-- slumping. Bantam, 570 
-- sterilized, organic matter de- 
composition in, 104 
-- structure, favorable, Important 
for cocos, 513 

-- subaqueously weathered, 569 
-- surface, condition of, affects 
water losses, 465 

-- survey Importance of correlating 
types with analyses^ 638 
-- surveys, on Java and Sumatra, 

193 

-- swelling with increasing water 
content, 66 

— temperature, 4l-45,405 
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Soil temperature, dlunml variations 
of, 

-- -- effect of climatic factora 
upon, 564 

effect on activity of mlcro- 
organlams, IO7 

-- — reaponee to elevation and 
vegetation, 464 

-- -- variation with elevation, 

2'r7,523 

-- tempera turea, 45,277,357,366, 
405,425 

— — at Intermediate olevatlone, 
Floree, 231 

-- -- higher than air tompera- 
turea, 452 

-- -- on mountains, l46 
-- — under grass, Borneo, 366 
-- texture affects capillary 
rise, 64 

-- -- varying names for, 486 
-- thickness Increases with 
elevation, 469 
-- too poor for paddles, 537 
-- -- senile to produce paddy, 

531 

-- type and plant, close connec- 
tion Between, 400 
-- type determined largely hy 
parent material, 497 
-- typos, «ppr6Clation of dif- 
ferences In, 462 

-- -- diversity of, from one hind 
of rock, 56 '(' 

-- -- In^jortance of correlating 
chemical analyses with, 638 
-- -- principal, in Sumatra's east 
coast, 468 

-- variability, Tlnvn', 267 
Soils, acid, brown' colors develop 
In, 111 

-- affected by Irrigation water and 
silt, 576 

-- alkaline, Celebes, 325 
-- allochthonous, of Borneo, 394 

— amphibious, 320 

-- black, under long di’y season, 

164-165,232 

-- ^glng, difficulties from, 

-- chemically poor, 573 
-- Cinchona, characteristics of, 

566,598-599 

coconut, 512 

— coffee, characteristics of, 

508 

-- parent rocks of, 368 

— — unsuitable, Mlnahasa, 320 
-- colloidal eroded by wind, 

139 

— dry, unwettablllty of, 123 


Soils, excellent, on basic parent 
rocks, 460 
-- fertile, 3l8 

-- from granite, unsulted to pepper 
4]1 

-- -- granites, excellent citrus on 
460 

-- -- land and marine tuffs con- 
trasted, 561 

-- — limestone, pervlousneas of, 

174 

-- — marine and land tuffs con- 
trasted, 561 

— — volcanic e,iecta, 515 

-- good, pervious, mineral require- 
ments for, 310 
-- heterogeneity of, 582 
-- impervious, water economy of, 

65 

-- impoverished, Podocarpua an 
indicator of, 456 

— Infertile 244,245,402,414 
-- -- unsulted to plantation 

crops, 436 

-- -- from basic eruptives, 249 

-- -- pervious, 318 

-- lateritlc iron concretions in, 

375 

-- light sandy, ash loam, 321 
-- llparltic tuff, variable value 
for tea, 461 

-- more fertile, because of more 
basic rocks, 575 

-- mountain, dark, organic, 217,240 
-- naturally rich, Indicators of, 

274 

-- of Sumatra's East Coast, 46l 
-- -- the rubber regions, 511 
-- on Baritam tuffs, slim pros- 
pects for, 576 
-- — limestone, 204 
-- — llparltic tuff, 460 
-- paddy, on Ball, 201 
-- peaty, unsulted to pepper, 

411 

-- pepper, 4ll 

-- pervious, water economy of, 

66 

— poor, 370,402,546 

— — because of much rain, 596 
-- -- on gi’anlte terrain, 498 
-- -- planted to Hevea, 511 

-- -- alow-growing forests on, 

341 

-- -- under hi^^ rainfall, 535 
-- poorer, 536 

-- porous, unsulted to paddy 
cultivation, 505 

— red,- lii5)ervloua, Timor, 265 
-- reddish brown, abaoi^tlve 

capacity for gases, 70 



Soils reddish brown, on limestone, 

174 

-- residual, from solid rock, lack- 
ing, 462 

-- riverbank, better than average, 

285 

-- rubber, air rolatlonehipa of, 68 
-- -- decline obscured by better 
clonfis, 480 

— senile, 241,283,292 

-- sugar cane, higher values of, 

566 

-- tea, air relationships of, 68 

— -- beet typo for, 509 

-- -- erosion of, Sumatra, 134 
-- -- llparltic tuff, 46l 
-- -- mechanical analyses of, 

487 

-- -- pH of, 566 
-- -- Sumatra's East Coast, 48l 
-- tobacco, 321,514 
-- -- beat, 47’2 

-- — of Dell, studies on, 46l 

-- upland rice, 505 

-- volcanic, good paddy yields from, 

506 

-- with very little iron oxide, 
not intensively colored, 634 
-- yellow, absorptive capacity for 
gases, '(0 

-- young sandy volcanic, robuata 
coffee on, 508 

-- younger volcanic, best for cof- 
fee, 508 

Sol state of kaolin, 79 
Solfatnras, 450,517,668 
Solid limit, 487 

Sola carried downward In the profile, 

525 

-- silicic acid and kaolin, 80 
Sorrel, invasion of run-out 
pastures by, 329 

Sorting of ejecta by large rivers, 

635 

-- -- volcanic products in the 
atmosphere, 633,646 
-- -- on volcanic slopes, 639 
-- -- Weathering products by stream 
action, 428 

Souring of the soil, need of 
elimination of, 578 
Soy beans, 220 , 277,650 
-- -- on heavy clay soil, 649 
Spates following deforestation, 

340 

-- of atreema, I83 
Specific weight of soil, 66 
Spectral analysis for trace elements, 

475 

Sphaerosldorlte, precipitation of, 

159 
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Sphagnum, 335 

Spices sought by early traders, 

308 

Sponge needles, I90 
Spottedness: brown thread's and bands 
on bluish gray, 301 
-- of soils, possible causes of, l48 
Springs from pumice tuff deposits, 
Lombok, 213 

-- warm, as weathering agents, 

71 

Stage of the weathering process, 

112 

-- -- Importance of designation of, 
1^46 

-- -- weathering of sediments, im- 
portance of, 537 

Stages in the weathering process, 
the time factor, 142 
Steepness of volcanoes related to 
character of ejecta, 647 
Steppe climates, 56 
Sterilization of soil and organic 
matter decomposition, 104 
Stickiness, high, of montmorlllonite 
minerals, 645 

-- increased by sea water satura- 
tion, 621 
Sticky point, 48? 

-- -- of limestone red earth, 65I 
Stock raising for dry regions, 
Lombok, 220 

-- -- poaalbllltles, Soembawa, 227 
Stones move in soil, 5^6 
Stony horizon, formation of, in 
the profile, 5^6 
Stories of tropical high forest, 

470 

Straw, C/N ratio of, 110 
Stream deposits, characteristics 
of, 186 

-- flow regulated by forest, 433 
-- transport of a lit, I83 
Streptothrlx chromogena, 

decomposition of Organic matter 
by, 104 

Structure bad of soils, 635 
-- loose, 483 
--of Cinchona oolla, 599 
-- -- soil, related to other 
properties, 47 

Subaerial alluvium above old lake 
level, 327 

-- leaching out weathering procesa, 

559 

-- lixivia of basic rocks, 588 
— weathering, II8 
-- -- brown and red tint a of, 466 
Subaquatlc weathering, II8 
Subaqueous conditions, 284,387 


Subaqueous conditions changed 
to amphibious, 568 

— -- develop with very low 
iron content, 350,500 

-- -- give gray soils, 589 
-- -- iron movement under, 

374,408 

-- gray lixivia, 619 

— soil conditions preferred by 
Nipa and Sago, 445 

— soils, 311,442 

— — not suited to oil palms, 

483 

-- -- transformed to amphibian, 

317 

— weathering, 157, 188,3 30, 6o8 

— — gray tints of, I|66 

-- -- layers in the soil, 501 
-- — of granite, 4o8 
-- -- shales, 428 
-- -- on mountains, 300,301 
Subaqueously formed black earth, 
380 

-- weathered sediments, 327 

soils, 580,683 

Subhydrlc weathering, II8 
Submarine volcano, 570 
-- volcanoes not always responsi- 
ble for marine tuffs, 635 
Subsistence agriculture, 532 
Subsoil, impervious, limits 
forest growth, 324 
-- poor, exposed by erosion, 509 
-- red, 670 

-- sharply differentiated from 
surface, erosion increased 
by, 600 

-- yellow, to grayish white, 

570 

Suction force of the soil, 69O 
-- power of the soil for rain- 
water, 124 

Sugar cane, 401,437,572,628 
-- -- agronomy, studies of, 

650 

-- -- areas, wostom central 
Java, 627 

-- -- cultivation, 616,648,662 
-- -- intensive, 627 

— — differences in Juice 
purities, 628 

-- -- favorable conditions for, 

313,685 

-- -- fertilization of, 629 
-- -- grown where irrigation 
water certain, 66I 

— -- not auccessful, 626 
-- -- soil preparation for, 

663 

— -- solle, mechanical euialy- 
sea of, 640 


Sugar cane soils, pH values of, 

566,686 

-- -- soils suitable for, 590,591, 
641,664 

-- — thrives on heavier soils, 638 
-- palm, 313 

-- production, Celebes, 329 
Sugars in the soil, 97 
Sulfate, 512 
Sulfur, 8,37 

-- early disappearance of during 
weathering, 90 

-- fixed by Foramlnlfora, I78 
-- from crater gas, effects of, 87 
-- nutrient rolationahlpa of, 460 
Sulfuric acid in crater water, 80,666 
-- -- lahar mud, bi^l 
-- -- water, 73 
Sun, heat from 99 
Sunshine duration, effect upon 
conditions, 564 
-- quantities of, 101 
SuperphospMte, double, 4] 3 
-- -- on paddy, 443 
-- necessary for good paddy harvests, 

576 

-- on paddy, effects of, 459,503-50-*, 
551,e>08,659 

-- -- tobacco, effects of, 659 
-- -- upland rice, off opts of, 459 
Surface horizons often much flcher, 
489 

-- soil more acid than subsoil, 
cementing caused by, 509 
Swamp clay soil, dark brownish black, 

649 

-- coastal, soil of, 376 

— conditions and weathering process- 
es, 645 

-- forest along brackish coast, 

-- -- replaced by paddles, 578, 5^’'^^ 

— forests, peat, 549 

-- -- vegetation of, 445 

— fresh water, 545 

-- -- converted to paddies, 44l 

— lands, fertility of some, Sumatni, 

283 

-- -- on Toba plateau, 457 
-- largely reclaimed, 503 
-- paddles, Sumatra, 5^6 
-- -- yields of, 492 

— region^ vegetation zones of, 552 

— soil, 164 

-- -- former, not the origin of the 
black clay, 645 

-- soils, iron concretions in, 159 

— water clear and brown, 547 
-- -- no leaching by, 646 

Swamps between dune ridges, coastal, 
440 
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Swarapa^ charactor of water in, 539 
-- endloae, 535 
-- hopeleaaly poor, of Borneo, 

395 

-- low, population of, 551 

— on tuffa, weathering proceaaea 
in, 5'/! 

-- poat, 5^1 
-- permanent, 5^7 
-- shallow, 5^J+ 

Swampy, leached aoilo, 537 
Sweet potatoes, 273, 328, 
536,650 

-- -- poBaihilltioo of, 313 
-- -- aolla for, 629 
Swelling and shrinking power, 
strong, of monbmorlllonltt.', 

6^4 5 

-- -- relation to creep, UO’/' 

-- high capacity for, of 
montmorlllonlte clay, 5^>2 
-- of hlack soils, 170 
--of maria when taking up 
water, 621 

-- -- soil with increasing water 
content, 66 
-- -- the soil, 

Syenite granite, composition of, 

15 

Symbols to indicate nature and 
stage of Wfvitherlng processes, 
143 

T and S relationships In thf? 
soil, 525 

Talahlb gi’asa (Saccharim spontan- 
eum), 62,240 

falang, definition of, 611 
-- forest, 552 

- high, 547 

-- higher, similarity to, 57’3 
-- lands, 526,543,546,552 
-- low paddy yields on, 556 
-- plain of Djairibi, 642 
-- regions, Impoverished, 

Hevea on, 551 
-- soils, Inqjoverlshed, 

Sumatra, 285 
Talc, 12,84,419 
-- mica schist, 336 
Tamarind, 273 
Tamarlndus Indlca, 273 
Tanah bakar (soil burning), 413 
-- batan, 659 
-- brandjangan, 659 
-- mailt, a black soil, 218,219, 
220 

Tanbark from mangroves, 445,541 
Tanl, 532 

Tannins In the soil, 97 


Tannins In the soil organic matter, 

105 

-- reactions of, 109 
Tarapan soils, 146,201,641,684, 

687 

Tea adaptable to varying quanti- 
ties of humus, 599 

— conditions for production, 259 
-- cultivation, 508-509 

-- elevations desirable for, ll4 
-- growing on the TJerlmai, 616 
-- growth controlled by soil 
conditions, 56? 

-- importance of humous surface 
soil for, 596 

-- llparltic soils used exten- 
sively for, 46l 
-- plantations, tiOl 
-- -- area of, 587 
-- -- elevations of, 597 
-- -- excellent, soils of, 5^9 
-- -- locations of, 629 
-- --‘soils and topography of, 

436,531,596 

-- -- terracing against erosion, 

597 

-- production, Sumatra's East 
Coast, 661-483 

-- quality, response to soil 
differences, 46»4 

-- response of, to minor soli dif- 
ferences, 464 
-- soils, 66h 

-- -- air relationships of, 66 
-- -- Atterbcrg consistency 
values of, 48v 
-- -- description of, 5S^7 
-- — elevation of, 69t.i 
-- -- green manuring and 
liming for, 510 

-- — green manuring to offset 
erosion, 600 

-- -- mec-hanical analyses of 486, 

48V 

-- -- nutrient supplying capacity 
of, 489 

-- — on the TJorlmai, 617 
-- -- optimum reaction for, 680 
__ __ pH of, 566 
-- -- studies of, 595 
-- topography too rough for, 568 
-- variation in quality of, with 
the market, 483 

— yields, 483,490 
Teak, 223,305,690,691 

-- adapted to marl and lime 
ridges, 659 

-- climate not favorable for, 

589 

-- deforestation of, 65 I 
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Teak forest, 352 
-- -- area of, 587 
-- -- difficulty of renewing, 660 
-- -- soil, alterations in retard 
new plantings, 66O 
-- -- erosion of, 630 
-- -- soils, 175,350 
__ __ ciry out considerably, 657 
-- -- transpiration by, 62 
-- fore^tatlon, limitation on 
coats of, 658 

-- reforestation with, 630,631 
Tegallen land (upland), 625 
Temperate belt, typical profile 
development in, l46-]47 
Temperature a limiting factor for 
rice, 459 

-- and elevation, relationships 
between 60,3 31,35 , ,405,452,496 
-- -- pH low, retard humus decom- 
position, 450 

-- -- tropical weathering, 112 
-- changes move soil, 526 
-- differences an aid to creep, 

407 

-- effects of on microflora of the 
soil. 111 

-- influence of, on asaimllation, 

102 

-- -- on plant gro-^.'th, 10 3 
-- of laterlte surface, 393 
-- soil, 4l-t5 

-- -- affected by vegetation, 4n4 

-- -- higlier than air, 452 

-- -- variation with elevation, 52.3 

Temperatures on Celebes, 331 

-- -- Halmahera, 310 

-- -- mountains, 215,314 

-- -- New Guinea, 277 

-- -- Sumatra, 425 

-- soil, Sumatra, 425 

Tengkawang, a forest product, 702 

Termite hills, largo, New Guinea, 

290 

Tennites break devn organic matter, 
108 

Terpentine from Pir.us Merkuail, 43',' 
Terra cotta, Borneo soils suited for, 
402 

-- ronaa, 175,177,225,352,651 
-- -- brownish red, from lime- 
stones, 292 

-- -- conditions favoring forma- 
tion, 228' 

-- -- from limestone, 3^2,374 
-- — impoverished and decalcified, 

658 

-- -- sandy, improving of, '293 
Terraco, hoe-cut, along coastal 
plain, 580 
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Terraces, river, I47O 
-- to prevent erosion of Cinchona 
aollo, (^1 

-- retard erosion on tea planta- 
tions, ^83 

Tei'racing to control erosion, 655 
-- -- hold humous surface soil, 478 
-- with atone walls, need of on 
Flores, ?44 
Terrain, granitic, 95 
Terrigenous sediment, 537 
Terrong, on Ball, 207 
Tertiary formations, 341,419,427,471, 

5^:1,632,655 

-- -- soils on, 4r-8,543 
-- mountains, central Java, 65O 
-- rocks, rougli topography on, 430 
Tost cuttings used by tax asses - 
a or 3, 582 

Texture of soil often more Important 
than nutrient quantities, 639 
Theinedla argaena, 543 
Theralite diabase, analysla of, lo 
Thoulet solution, 24 
Threads, brown, amphibian conditions, 

301 

-- -- meaning of, 170 
-- reddish brown, siumnary of positions 
in profile, 152 

Tide, effects of, upon water character 
of rivers, 539 
Tierra cal lento, 113 

- fria, 113 

-- templada, 113 
Tilth, 47 

Time as a factor in soil formation, 

142 

-- "general utility man," 393 
-- importance of considering, in de- 
scribing -a soil, 146 
Tin, great Importance of, in Bangka 
and Billiton, 4ll 
-- in gi’anite, 404 

— mines, profiles exposed in, 129 
-- mining, 404,409 

Titanic acid, 8 

-- -- not leached from the soil, 342 
Tltanlte, 87 
-- 13,24,560 

-- content of intermediate rocks, 521 
-- -- rocks, 518 

-- -- volcanic rocks, 30^558,598,618 
-- iron, 7,90 

ore, weathering of, 87 
-- -- sand, 624 

-- minerals absent from llparlte, 477 
-- remains during weathering, 559 
-- residue from weathering pyroxenes, 

346 

-- seldom determined, 392 


TJadas horizons in the soil, 6I7 
TJemara (Podocarpus) , 670,671,672, 

682 

Tobacco, 273,321,401,534,650 
-- agronomy, factors affecting, 473 
-- best raised under Influence of 
volcano, 534 
-- cultivation, 313,329 
-- -- in mountains of central Java, 

629 

-- -- teak regions, 660 

— Deli, 294 

__ __ exacting soil requirements of, 

488 

yields of, 489-490 

-- development of plantations in 
Sumatra, 472 

-- effects of fertilizers on, 558, 

659 

-- for home use, 43? 

-- Importance of stable manure for, 

628 

-- indicates difference between red 
lixivia, 469 

-- languishes on heavier soils, 638 

— on river banks, Soembawa, 227 
-- plantation in central Java, 642 

-- production. Western Sumatran Mts., 
in, 514 

-- quality affected by minor soil 
differences, 464 

-- -- and soil type relationships, 

474 

-- -- long fallow essential for, 

475 

-- -- on liparitlc soils, 532 
-- soils, 488,629,641 
-- — adequate water cap)acity of, 487 
__ — better because of more potassium, 
64’/ 

-- of Dell, studios of, 461 
-- — optimiun reaction for, 686 
-- -- suitable for, 514 
-- tuff gray earth unsulted to, 635 
-- water requirements of, 466 
-- wrapper, of Sumatra, 472 

— response to minor soil differ- 
ences, 464 
Topogene peats, 539 
Topography and rainfall, relation- 
ships, 562 

-- too rough to permit planting, 

670 

Tourmaline, 12,410,669 
-- impurities in limestone, 655 
Towns, effect upon population, 502 
Trace elements accuimilate and cir- 
culate in the forest and soil, 

476 

-- -- concentrated In forest humus, 


Trace elements, importance of, 

475 

-- -- need of determining, in 
rock analyses, 56I 
-- -- nutrient relationships of, 

460 

.. — possible effects on cocos, 

512 

-- -- see also Minor elements 
Trachyte, 260,314,355,373 
-- alkali, analyses of, 20,262 
-- analyses of, 261-262 
-- glassy, 318 
-- -like ash very far from 
crater, 633 
-- soil from, 337 
— — characteristics of, 318 
Trachytes poor in iron, paler 
soils from, 374 
Trachytic tuff, tuff gray 
earths from, 642 
Trade winds, 371 
-- -- high counter-, ash 
blown by, 574 
Transpiration, 60,6l 
-- losses of water from the 
soil, 465 

-- quantities, 62 

-- relation to nutrient 
intake, 488 

-- water looses thru, 564,565 
Trass Moorloh, 661 
Tree crops, advantages over 
rice and maize, 487 
-- -- for reforestation, 603 
-- -- grow on senile red soils, 

661 

-- — importance of, 314 

-- __ lucrative on red lixlvluni, 

589 

-- roots bring nutrient ele- 
ments from depths, 476 
-- savanna, 674 
Trees thrive on poor unlrrl- 
gated soil, 596 
Trias formation, 297,419 
Trldymlte, weathering of, 75 
Tropical high forest, 456,470 
524, 543, 552, 578, 597, 601, W, 

631 

-- -- cleared for tea, 509 
-- — effect on climate, 386 
-- -- humus of, 475 
-- -- retarded drainage in, 466 
-- -- zone, 450 
-- lowlands, tengperature and 
altitude of, 113 
-- eolls, rod color of, 87 
Truncation of soil profiles by 
erosion, 142 



Tuberous crops, 368 
Tuff, 39,3^1,371,51^^,518 

— acid, old, 7^ 

-- -- soils on, 526 
-- andesitic, limits of, ^51 
-- at 1 meter not objectionable, 

1+36 

-- Bantam, 560,569 

— -- analysis of, 56O 

-- -- effect on well water re- 
action, 7^^ 

-- Baroepos, 362 
-- black earth, 6k9 
-- -- earth, analysoe of, 6^46 
-- cementing, cause of, 509 
-- clays, ^17 

-- constituent a Improve rrarl soils, 

590 

-- development of, In ash pro- 
files, 6)a 

-- differences In, as to peat 
formation, 56I 

-- formation by silicic acid pre- 
cipitation, Itt 

-- -- In alternating weathering 
profiles, 155 
-- earth, G'jh ,6hP ,6k'] 

-- -- development of, 69? 

-- -- manner of formation of, 

634,619 

-- -- unsuited for tobacco, 635 
-- horizon, apparently no 
hindrance to coffee, 506 
-- -- migration downward of, 677 
-- -- slliclfiod, breaking of, 152 
-- horizons affect water raovoment, 

63 

-- Increases upward In sediments, 

638 

-- Intermediate, analysis of, 560 
-- llparltlc, Baroepoe, 356 
-- -- composition of, 520 
-- -- fresh cut in, I63 
-- -- groat expanses of, 517 
-- -- mlneraloglcal composition 
of, 452 

-- -- soils on, 460 
-- -- weathering of, 452 
-- loams, 417 

-- loamstonea, soils from, 438 
-- material more fertile, 370 
-- -- white, carried by Solo, 66I 
-- mixture, weathering of, 177 
-- older and more burled, 552 
-- pale, characteristics of, 634 
-- under black clays, 170 
-- plateau, favorable for cocos, 

513 

prevents soils from sliding, 622 
-- pumice stone, "polluted by erosion 
products," 500 
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Tuff quarrying. Ball, 200,201 
-- Ranau, petrographic composition 
of, 520 

-- rapid formation from ash, 139 
-- ravine erosion In, 137^130 
-- sandstones, 275 
-- — soils from, 438 

— sandy soil, grayish brown, 242 
-- slllclfled, analyses, 19 

-- soils, grayish brown Juvenile, 
for kapok, 2^5 

-- tendency to foJTn In ash deposits, 

677 

-- weathered to black earth, 644 
-- white, 560,635 

-- white, may originate from river 
action, 635 

Tuffaceous llraeatoncs, 6O9 
Tuffs, acid, from material sorted 
from andesitic eruption, 633 
-- -- parent rocks of poor soils, 

531 

-- -- with much pumice stone 
glass, 574 

— acidic, 22,384,1418,420,522 
-- aerial, 39 

-- Agim, 495 

-- alteration of under sea, 5V’4 
-- analyses of, 559 
-- andesitic, 502 
-- basaltic, 516 
-- basic, 522 

-- -- characteristics of, 520 
-- -- give more montmorillonlte 
than kaolin, 527 
-- -- weathering conditions of, 

527 

-- calcareous, 249,573 

— containing pmmice stone, andesite 
and red volcanic clay, 499 

— dacltlc, 337,470,516,517,571 

— — weathered, 451 

-- diversity of, 451,567 

— from loose materials, 462 

— Increasing amounts of with 
increasing volcanic activity, 495 

-- intermediate, 522 

— — and basic, 4l8 

— land and marine contrasted, 56I, 

571 

-- limestone, paddy yields on, 503 

-- llparltlc, 448-450,516 

-- -- mlneraloglcal analyses of, 

453 

-- -- region of, 530 

-- -- weathering conditions of, 

527 

— loose and pale, severely 
eroded, 510 

-- marine, 107 


ziL 

Tuffs, marine and Innd, contrasted, 

561 

-- -- effect on reaction, 74 
-- -- high calcium content of, 527 
-- -- origin of greenish color, 

06 

-- marly, 377 

-- need for mapping of areas occu- 
pied by various sorts, I5I 
pale, soils on, 527 
-- porous, sells more stable on, 
j24 

-- possible types of, 634 

-- pre- influenced by tne sea, 571 

-- pumlcc-rich, 572 

-- -- stone, 246 

-- -- of Fort de Kock, 499 

-- sandy, I87 

-- sedimentary variations of, 355- 
357 

-- slllclfled, 403,601 
-- -- weathered slowly, 574 
-- soils from, 429 
-- submarine dacltlc, Flores, 

229 

-- variation In coirposltion de- 
termined by distance from 
crater, 633 
-- variations in, 635 
-- volcanic, 417 
-- -- pure, 525 
-- weathering of, 89,363,462 
-- -- process 'under awan^, 571 
-- white, from silica -richer efflataa, 
e;47 

-- -- of Bantam, 22 
-- -- slumping of, 570 
-- -- submarine products, 570 
-- -- Quaternary, soil developing 
on, 572 

Tufgrauwaarde, manner of formation 

of, 634 

Turglte, formula, 86 
Turnips, as a second crop after 
paddy, 58I 

Typo of agriculture and racial 
groups, 400 

Ubl (Dioecorea), 680 
Ubigadung, 68O 

Ultrabaolc lavas not found on 
Java, 557 
-- rocks, 391 

Ultraviolet rays, mineralizing 
effect of, 104 

Uninhabited region. Southern 
Sumati'a, 536 

Unweatherablllty of sediments, 

186 

Unwettablllty of dry soils, 123 
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Upland crops, Coletes, 3^8 
-- paddy comparod with lowland 
paddy, 50? 

— rice cultui’e, 313 ^50, 

536,5^0,577 

-- -- fertilization of, ^59 
-- — fields 'burned, 68l 

— — in ka inline, 5^6 

-- -- aee also Rice, upland 
-- -- yiolda of, 50^-505 

Vacclniun, acid hujnue from 1^7 
Valley alluvia moderately fertile, 

^32 

-- aoila better than hill slopes, 

1498.531 

Valleys contrasted with mountain 
slopes, I32 

Vanadium, need of determining, 

25 

-- nutrient relationships of, I+60 
Variability of rainfall, 310 
-- soils, Timor, 267 
Variegated clays, flecked bluish 
gray and deep rod, 198 
-- color of profiles, 168 
Vegetable growing, 303', 136,137, 

160.531 

Vegetation accelerating runoff, 

62 

-- effects In weathering, ll3 
-- form/j and transplrational 
losses, 561 

-- retards erosion, 1?? 

-- V3. vulcanlsm, 67I 
Vegetative cycle, importance on 
senile soil, 398 
Veined brown of paddy soil, 58<'> 

-- with brown, subsoils, I08 
Veins, quartz, in place after 
weathering of matrix, 5?6 
Vertical movement of stones and 
gravel, 526 

Village waste, fertilizing with, 

581 

Violet red tint from finest iron 
oxides, I69 

-- white rock, glass -like, 522 
Virgin soil for Cinchona plantations, 

509 

Virile brown lixivium, 3l6 

— soils, 537 

-- stage in soil weathering, 1^2 
-- yellowish brown lixivium, ^56 
Volcanic ash, acid and basic types 
contrasted, 6OO 

— -- basic, effect on reaction 
of water, 75 

-- -- erosiveness of, 133,134 


Volcanic ash improves marl soils 
chemically and physically, 621 
-- -- possible types of, 63^ 

-- -- see also Ash 

— soils, recent, 64l 

-- bombs abundant on upper slopes, 

.639 

— ejecta Increases red color 
of soils, 595 

-- — mixed with irarls and lime- 
stones, 656 

— — modification and weatlier- 
Ing of, 635 

— eruptions, Important, Sumatra, 
420 

-- formation, Celebes, 355 
-- glass, acid, as silt, unl'avora- 
ble effects of, 575 
-- -- darker, 633 
-- -- in ash, 633 
-- -- phosphorus in, 13 
-- -- weathering of, 88 
-- lixivium improvoa marl mate- 
rials, 587 

-- materials, Hevoa growth Indi- 
cates presence of, 5^3 
-- parent rocks, 632 

— products important in soil 
formation, 495 

-- -- physical character of, on 
Java, 633 
-- rocks, 18-?3 

acidic, 18 

-- -- basic, iB 

-- -- effect on fertility, 291 
-- -- Intermediate, I8 
-- -- young, 212 
- sollvi support a dens er popu- 
lation, 592 

Volcano, good Influence of, 53^ 

-- slopes, sorting of material 
on, 639 

-- submarine, effects of, 570 
-- young, makes fertile soil, 

436 

Volcanoes, active, magma from, 10 
-- — parent rocks from, 528 

— — supply continuing fertility, 

304,308 

— andesitic, eroded products 
from, 188 

-- beneficial effects of on 
soils, 441,535 

— built more of Intermediate 
and basic magmas, 515 

-- important In making soil dif- 
ferences, 618 

r- Increase population density, 

501 


Volcanoes pedologlcally old, 532 
-- variations in acidity and 
basicity of ejecta, 495 
-- young, Importance of, in de- 
termining soil type, 497 
Vulcanlsm vs. vegetation, 67I 

Wadas, development in profiles, 

641 

Walang sanglt, a paddy peat, 6O7 
Water a limiting factor, 692 
--of crop yields, 567 
-- abundant in western central 
Java, 622 

-- acid, from volcano damages 
paddy, 640 

-- — of crater lakes, 73^668 

— -- produces kaolin, 526 

— alkaline, weathering effects 
of, 02 

-- and air relationships, im- 
portance of, 602 
-- artesian well, humus contain- 
ing, 73 

-- black swamp, 5^^, 5^7 
-- bog, reaction of, 80 
-- brown, in swamps, 395 

peat held up by Impervious 

clay, 456 
-- buffalo, 354 

-- calcareous, precipitates Iron 
hydrates, 336 

-- capacity affecting Infiltration, 

124 

-- -- high, desirable for cotton, 

665 

-- -- Increased by humus, 488 
-- -- increased by weathering, 416 

— -- maximum, 66,67 

-- -- of Cinchona soils, 599 

of the soil, 65,408,673 

-- -- of tobacco soils, decrease 6., 

660 

-- -- restoration of, by long 
fallow, 474 

-- -- 45-46,65 

— carbonic acid-containing, 

73,526 

-- -- as weathering agent | 79,81 
-- chemically combined, in the 
soil, 46 

-- combined, ampunta expected, 

375 

-- compoaltion from marl country, 
604 

-- conditions, ollgotrophlc, rela- 
tion to peat formation of, 5^0 
-- crater, 86,87 

-- -- effects on feldspars of, 80, 

81 
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Water, crater, reaction of, 7^4 
-- dark, from acid lixivium aoll, 
300 

-- deficiency of, in the aoll, 

679 

-- diluting effect of aomo, 9^8 
-- fertile irrigation, 596 
-- flowing, factors which affect 
upeed of, 121 

-- hard, aaeista organic matter 
decompoaltlon, 108 
— holding capacity, maximum, ^87 
-- — of llparltlc tuff Qollo low, 

367 

-- aatiafactory, 483 
-- -- rolatlonshipa poorer with 
elevation, 534 

-- humoua, effect on feldaparo 
of, 80,81 

-- -- from artesian wells, 82 
-- -- peat forest, effects of, 85 
-- -- reaction of, ’’4 
-- -- weathering of micas by, 84 
-- hygroscopic, 45-46,65 
-- Importance of, for agriculture 

225 

-- In the soil, 45-49 
-- Irrigation, better quality of, 

532 

-- -- from granitic terrain, ^26 

-- -- good quality, 628 

-- -- high quality, 649,687 

-- -- Importance of quality of, 

382,400,536 

-- -- nature of, affects soil na- 
ture, 576 

-- -- poor quality of, 433 
-- -- yet good growth paddy, 4SU 
-- mineral salts from volcanic in- 
fluences, 570 

-- mobility increased by hiimua, 488 
-- movement alt eiTia ting In profile, 

116 

-- — ascending In profile, 116 
-- -- easy, compensates for low 
humus quantity, 489 
-- -- facilitated by soil amend- 
ments, 611 

-- -- in profile development, sum- 
mary of conditions of, 162 
-- -- In soil depends upon texture 
and structure, 6II 
-- -- In soil varies with texture, 

488 

-- In the soil, 46 
-- -- and weathering typo, 112,142 
-- -- direction of, 55,114 
-- -- Intermittent In the profile, 

116 

— into and thru the soil, 63 


Water movement retarded by silt, 576 
-- ““ types of, 117 
— natural, as weathering agent, 73 
-- — reaction of, 74 
-- peaty, bleaching of soils by, at 
high elevations, 46l 
-- poor, from acid tuffs, 534 
-- pure, as weathering agent, 73 
-- -- effect on feldspars of, 78,80 
-- -- favors kaolin formation, 526 
-- -- weathering of andesitic ash 

by, 90 

-- -- weathering of micas by, 64 
-- purity of, 72 

-- quality, factors which affect, 

576 

-- rain, carbon dioxide always pres- 
ent In, 90 

-- -- reaction of, 74 
-- reddish brown, 355 
-- regulation, difficulties of, on 
marine clay, 552 
-- relations in light and heavy 
soils contrasted, 639 
-- relationships of plants, 460 
-- -- poor soils will Improve 
with age, 676 

the Aoll, 564 

-- requirement may decrease with 
Irrigation, 491 

-- requirements of coco palms, 

512 

-- -- on sandy paddy soils 
higli, 491 

-- -- vary with the crop, 466 
-- river, analyses of, 

-- -- factors affecting quality, 

394 

fertility brought on by, 

,-{30 

-- from old rocks, no recom- 
mendation, 547 

-- -- of a good family, 547,550 
reaction of, 74 
-- sea action on feldspars of, 

82-83 

— reaction of, 73,74 
-- speed and capacity for 

ti'aiisportat ion of particles, 

129 

-- and erosive capacity, 121 
-- spring, composition of, 90- 

91 

-- supplying capacity of soils, 

483,690 

-- surface flow of, factors af- 
fecting, 63 

-- sweet, acid, and dark, 541 
-- table, 63 

__ perched, 124 


Water the foremoBt chem', weather- 
ing agent, 7? 

-- transportation, formj of, 

-- vapor, conden nation in the ’ 
aoll, 4 y 

-- -- In the soil, 45,j;7 
-- -- movement of, In the soil, 65 
-- -- tension and hygroscoplclty, 65 
-- well, from basic andnaite tracts, 

74 

//atcra unsuitable for irrigation, 53'^ 
Wave-cut terrace, appearance of, 58O 
Waxes In the soil organic matter, 

105 

-- resistant in the soil, 10^ 
Weather, inportance of favorable, 
for tobacco 4 473 
Weathorability of minerals, 9 
-- -- porous effusive rocks, 10 
-- -- sediments, importance of, I66 
Weathering, alteimting, 154 
-- amphibian, 119,170,470 
-- -- characteristics of, 160 
-- -- summary of profiles of, 162 
-- and disintegration contrasted, 

458 

-- changes taking place during, 558 
-- character, effect upon water and 
silt quality, 576 
-- chemical, 72 

-- -- far ahead of mechanical com- 
minution, 525,538 
-- -- of minerals, 15 
-- commenced under the sea, of 
marine tuffs, 561 

-- complex not aatui'ated with bases, 

509 

-- continuous lixlvloua, 427 
-- crust around stones, 524 
-- differences affected by mineral 
composition, 17 
-- duration of, 10 
-- easily, minerals aiding, 668' 

-- extracts contributed by river 
water, 38O 

-- factors of importance, 112 
-- fonas, amphibian, ;38 
-- hydrolytic, 77 

-- influences and soli fonnaticn, 5 
-- leaching typo of, prevalent, 438 
-- liquids, cotrpositlon, 111 
-- -- range of reaction of, 75 
-- measuring of, 90,62 
-- minerals, origin of, 13 
-- of alkali feldspars, 79 
-- -- basic ash la mere rapid, oOO 
-- -- dune sand, 624 
-- -- granite, 95,406 
-- -- marine tuffs commenced luider 
the sea, 561 
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Weathering of minerals distinctive, 
15 

-- old eruptive rocks, different, 

498 

-- -- olivine, results of, 3^6 
-- -- rocks high in iron, results 
of, 3^2 

-- -- sedimentary rocks, 11 
-- -- silicates, 77 

— -- tuffs, 383 

— -- ultra -haslc peridotites, 3^5 
-- penetration alow, ^2k 

-- phases of, differences between, 

528 

-- principal ways of, 111,1^2 
-- process irreversible, 468 
.. -- the five stages of, 143 
-- processes, 71 ff-^ 325^497, 

524 

-- -- affected by mineral form, 

15 

-- -- and products, 4 16 
-- profiles rich in minerals, 347 
-- rate affects pH of system, 527 
-- -- and soil formation, 9 
-- -- lower, of liparitic tuffs, 

3Ct 

-- -- of, of volcanic producta, 6 
-- slow, of acid rocks sooner gives 
low pH, 527 

-- -- under light rainfall, 429 
-- soil, reddish brown, 350 
-- stage, importance of accurate 
designation of, l46 
-- -- Juvenile, 373 
-- -- third not attained because 
of fresh ash, 668 
-- -- effect upon silt and water 
quality, 576 

-- -- of volcanic deposits, 671 
-- subaerial, ll8 

— -- brown and red tints of, 466 

— — summary of profiles of, l62 
-- subaqueous, 118,157,338 

-- -- gray tints of, 466 
-- -- summary of profiles of, l62 
-- subhydrlc, .118 
-- type, another, due to greater 
basicity of ejecta, 575 

— types. New Guinea, 282 
Wells, artesian, humous water 

from, 82 

-- — » reaction of, 74 
Wet months, definition of, 58 
Wetting and drying alternately, 
moves surface soil, 526 
White clay actually a sand-rich 
white loam, 488 

-- — horizon inqpenetrable, 59^ 

-- -- layer, 5^9 
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White kaolin rocks, 626 

— loam, sand rich, 488 

-- sandy clay under peat, 457 
-- volcanic tuff, 635 
Widoerl, 156 

Wild forest, natural forest, 631 
Wilting point, 690 
Wind effect upon soil tempera- 
ture and moisture condi- 
tions, 564 

-- effects in differentiation 
of fine ejecta in atmosphere, 

633 

of, .189 

— erosion, 236,238,249,251,690 
-- -- in deciduous forest, 68 O 
-- -- of ash, Soenibawa, 224 

— black dust soil, 469 
-- -- calcareous soils, 177 
-- -- dried, granulated clay, 

389 

-- -- exposed rocks, 190 

heavy black soil, 377 
-- -- heavy. soils, 139 

— - soils, 139 

-- -- teak soils, 657 
-- sorting of volcanic ash, re- 
sults of, 249 

Winds and soil moisture, 60 
-- dry, of the east monsoon, 

583 

Wine quality and soil type in 
Europe, 460,474 
Wodler (larinea grandls) , 690 
Wood cutters, settlements of, 5^1 
Workability, 487 

X-ray research on micas, 85 
-- studios of crystals by, 75 
-- study of clay by, 77 
Xanthoslderlte, formula of, 

86 

Xenomorphlc grains eroded off, 

524 

Xerophytlc vegetation, 216,333 
Yellow clay on acid erupt Ives, 

300 

-- clayey soil, Ambolna, 300 

— colors in deeper profiles. 

Now Guinea, 290 

-- earths, rain factor for, 

48 

-- lixivium with humous surface 
soil, 467 

-- marl subsoil, heavy and im- 
pervious, 656 

-- poor, sandy lands, rubber on, 

512 

-- senile lixivium, phosphorus 
concentrated at surface, 509 


Yellow soil, poor, 541 
-- soils, Celebes, 327 
--to brown lixivium, 499 
-- -- mealy soil, 675 
-- volcanic soils, 536 
Yellowish brown clay, elevation 
limits of, 673 
-- -- lixivium, 526 

— -- Juvenile, 456 

-- -- mountain soil, 67 I 

-- gray clay, slaking and blowing of, 

657 

__ __ pale, loam high in q'oartz 
silt, 5^7 

-- subsoil under black dust soil, 

467,469 

Yields of rice, determination of, 

219 

Young gray efflata soils, 303 
-- soils, MJnahaaa, 317 

— volcanic soils of the 
Prlangan, 597 

Youngest soils the most fertile, 

598 

Yttrium in liparitic tuff, 477 

Zeolites, 79,81,355 
Zeolltic veins, 376 
Zersatz horizon in granite soils, 

524 

-- -- with rock structure still 
preserved, 525 
Zircon, 404,689 

Zircon impurities in limestone, 

655 

Zirconium in sodlmenta, I 87 
Ziooslte, 260 

Zones, black soils not limited to 
one only, l64 

-- elevation and temperature, 142 
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Adlpala, Java, 

Adlredja, Western Central Java, 

62'J,628 

Adlwerna, Central Java, 622, 6?7 
Adjantakl, Timor, 268 
Aer Dlklt, Southern Sumatra, 536 
Africa, 42,53,164,295,367 
Agara, Sumatra, 19,4l8,499 
Agoeng, Mt.,Ball, 194, 199, ?02, 212 
Agum tuffs, 496 
Ahoer, Sumatra, 15 
Aler Balara, West Sumatra, 505 
Almere, Flores, 253,23^,2^2 
Alsepoet, Mt., Celebes, 3I7 
AJek-aJek, Eastern Java, 666 
AJer Bangls, West Sumatran Mts., 

501,504,505 

AJer Belltl, Sumatra, 547’ 

AJer Dlngln, Southern Sumatra, 

517,518 

AJer Enim, Sumatra, 548,549,550 
AJer Keroeh, Southern Sumatra, 518 
AJer Ketahoen, Southern Sumatra, 

517 

AJer Kllngl, Sumatra, 547,551 
AJer Komerlng, 549,550 
AJer Kramasan, Sumatra, 545 
AJer Lematang, Sumatra, 548,549, 

550 

AJer Llntang, Sumatra, 547 

AJer Manna, Southern Sumatra, 535 

AJer Mati, Timor, 266 

AJer Ogan, Southern Sumatra, 549, 

550 

AJer Rawas, SoutJiern Sumatra, 514, 
548,551 

AJer Roepit, Southern Sumatra, 
Mountains, 514,547,551 
AJer Soblat, Southern Sumatra, 517 
Alahan Pad Jang, West Sumatra, 502, 

506 

Alas, Atjeh, Sumatra, 433,436,437 
Alas Strait, Lcmbok, 213 
Alooo, Celebes, 373 
Amahel Division, Ceram, 3O6 
Amahoesoe, 296 

Amanooban, Timor, 264,269,275 
Amarang, Celebes, 379 
Amarassl, Timor, 263,266,273 
Ambarava, Java, 540 
Ambelau Island, Molukkaa, 3OI 
Amberbaken, New Guinea, 29I 
Ambesoe, Celebea, 368 
Amboenten, Madoera, II6 


Ambolna, 292,296,298,299,300,301, 

303,304-5 

Amoerang, Mlnahaea, 315 
Ampang, Soembawa, 224 
Amparlta, Celebes, 379 
Ampenan, Lombok, 214,215,217 
Andes, 293 

Andlr, Bandoeng, Java, 604 
Andjasmoro, Central Java, 650 
Angal Mtb., Southern Sumatra, 

'524 

Angl Lakes, New Guinea, 276 
Angkola, Batak Lands, Sumatra, 

• 459,501,502,504 

AjiJor, West Java, 572,574 
Antatal, Southern Sumatra, 520 
Antjaloeng, Mt., Borneo, 395 
Aoeroekl, Timor, 273 
Apl, Mt., Molukkas, 303,304,306, 

307 

Arale, Celebes, 368 
Ardjasa, Eastern Java, 679 
Ardjoeno, Java, 166,632,370,682, 

684 

Arfak Mts., New Guinea, 275,276, 
290,292 

Argentina, 164 

Asahan, Sumatra, 462,471,472,474, 
481,484,492,493 

Asembagoes, East Java, 48,101, 
116, 562, 666, 674, 619} 680, 684, 

685 

Aseupan, G. Bantam, Java, 569 
Ash Dalem, Lombok, 213 
Asia, 420 

Atamboea, Timor, 264,266 
Atapoepoe, Timor, 20,260,262,264 
At a a Kalaus, Soembawa, 223 
Atjeh, coastal and hilly portion, 
429,437-446, 51I 

Atjeh District, Sumatra, 74,147, 
313; ^25, 481, 506, 510, 624 

Atjeh, mountainous portion, 426- 

437,448,449 

Atjeh, Northern, Sumatra, 60,4l9, 

423 

Australia, 60,277,285,348,404,420 
Awang Amoental, Borneo, 397 
Awibengkok, Mt., West Java, 579 
Ay, Banda Islands, 3O6 

Babauw, Timor, 269 

Bade Plain, Celebes, 352,335,338 


Badjawa Plateau, Flores, 51,231,232, 

234 

Badjoelmatl, Eastern Java, 6'(9 
Bae, Java, 563 

Began SI Apl Apl, Sumatra, 75 
Bahais jngkam, Batak Lands, Sumatra, 

459 

Bajan, Lombok, 215,216,217 
Bajongbong, West Java, 91,593,606 
Bakoeln, Timor, 269 
Bakongan, Atjeh, Sumatra, 446 
Balalselasa, Sumatra, 493,496 
Balang, Celebes, 377 
Balapoelang, Western Central Java, 

627,630 

Balaradja, West Java, 578 
Ball, 137;171;172, 194-212, 220. 367. 
510 

Ball Strait, 669 
Baliasse River, Celebes, 338 
Balige, Batak lands, Sumatra, 95,453 
Ballkpapan, Borneo, 51, 73; 391 
Baloeran, Eastern Java, 156,666,669, 

674, 679; 680 

Baloeran Cape, Eastern Java, 679 
Bambang, W., Southern Sumatra, 519; 

521 

Banano, Celebes, 342 
Banda Islands, 297,302-3,304,306-7, 
308 

Bandar, Batak Lands, Sumatra, 459 
Bandar, Southern Sumatra, 548 
Bandar Meratoer, Sumatra’s East 
Coast, 135-491 

Band Jar, West Java, 567, 593; 609, 626 
Bandjaran, West Java, 51; 593 
Bandjarhardjo, Java, 6I8 
Bandjermasln Subdivision, Borneo, 60, 
383; 395 

Bandjarnegara, Java, 407,566,618 
Bandoeng, Java, 52, 74, 92, 555; 583; 587, 
593 

Bandoeng Plain, Java, 231,281,320, 

562,591,604,607,608 

Bandoeng, Geological Survey, 16, 40 
Bangadoewa, West Java, 591 
Bangak, Mt., Java, 559; 560, 643 
Bangga, Celebes, 336 
Bangll, Eastern Java, 684 
Bangka, 50,60,74,108,129,160,230, 

292,326,443,^5,511,655 

Bangka and Billiton, 403-415,425,585 
Bangklnang, West Sumatran Mts., 5OI, 

506,512 
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732 


THE SOILS OP EQUATORIAL REGIONS 


Bangko, Southern Sumatra, 

Bangkok, Siam, 625 
Bangoenpoerha, Batak Lands, 

Sumatra, 4^9 
Bangorn Poerha, 95 
Banjoeasln, Southern Sumatra, 551 
Banjoemas, Java, 55,115,285,457, 

566 , 618 , 619 , 622 , 627 , 628 , 629 , 651 , 
686 

Banjoepoetlh, Eastern Java, 669, 

674,685 

Banjoewangl, Eastern Java, 199,220, 

666 , 684 , 685 , 687,688 

Banka see Bangka 

Banklnang, West Sumatran Mts., 495 

Banll, Ball, 206 

Bantam, West Java, 22,75,116, 

568-572, 695 

Bantam, Mts., Java, 572,575 
Bantam, North, West Java, 5^7,578 
Bantarkavoeng, Western Central 
Java, 627 

Bantlk, Mt., Celehes, 518 
Bantjak Mt., Central Java, 646 
Baoen, Timor, 266 
Bara Volcano, Flores, 25 O 
Barbados, 96 
Barlbls, West Java, 615 
Barlngln, West Sumatra, 5^5 
Bar lean Mts., Sumatra, 521, 4l8, 

419, 420, 421, 424,460, 467, ^9^, 
516,519,525,524,556,558 

Barlean Plateau, Sumatra, 4l8 
Barlto, Borneo, 269,585,59^,597 
Baro, L., Atjeh, Sumatra, 440 
Baroboro, Celebes, 579 
Baroebal, D., Batak Lands, 

Sumatra, 449 

Baroe-Banjoewangl, K., River, 

Java, 565 

Baroemoen River, Sumatra, 557,558- 
559,540 

Baroepiket, W., Southern Sumatra, 

519 

Bar os, Tapanoell, Sumatra, 442, 
449,460 

Baea, R., Southern Sumatra, 528 
Batak Region, Sumatra, 60 , 116 , 567 , 
418, 446-461, 495, ^9^, 5l6 
Batang, Western Central Java, 565 , 
621,627 

Batang All, Borneo, 597 
Batang Aeal, Sumatra, 5^^ 

Batang Gadle, West Sumatran Mts., 

494,504 

Batangharl, Sumatra, 419,5^5,544 
Batang Harl Leko, Sumatra, 548 
Batemg kwle, Sumatra, 467 
Batangmata, Seleler, II 6 


Batang Merangin, Southern Sumatra, 

514,554,545 

Batang Tabir, Sumatra, 544 
Batang Tebo, Southern Sumatra, 

514 

Batang Tembesi, Southern Sumatra, 

Batang Toroe, Batak Lands, 

Sumatra, 453,495,494,511 
Batavia, Western Java, 26,52,42, 

45,52,91,99,101,126,578,580 

Batavia Bay, West Java, 585 
Batavia District, West Java, 115 
Batlpoeh, West Sumatran Mts., 

501,502 

Bat Jan, Halmahera, 510 
Batoe Barah, Sumatra, 471 
Batoe Beeavak, Soembawa, 225 
Batoe Besi, Celebes, 348 
Batoedjadjar, Java, 565,604,605, 

606,608 

Batoedjal, Lombok, 217 
Batoe Dodol, Eastern Java, 669 , 

676 

Batoe Harang, D., Batak Lands, 
Sumatra, 448 

Batoe Karang, Batak Lands, 

Sumatra, 456 
Batoekllan, Lombok, 219 
Batoe Lanteh, Soembawa, 222 
Batoe Merah, Ambolna, 500 
Batoenadoea, West Sumatra, 505 
Batoepanggal, Borneo, rainfall, 

51 

Batoer, Ball, 194,195,199,202, 

205,212,418 

Batoer, Central Java, 629 
Batoeraden, Central Java, 620 
Batoeradja, Southern Sumatran 
Mts., 515,551 
Batoer Itl, Ball, 200,211 
Batok, Java, 134 

Bawanl Mt. Range, New Guinea, 285 
Bawean, 37 
Beboko, Timor, 269 
Begoomlt, Sumatra, 469 
Bekassl, West Java, 582 
Bekloen, Sumatra, 469 
Belaban, Nh., Borneo, I 6 
Bengalis, Sumatra, 540 
Bengawandjero, Central Java, 

.665 

Bengkajang, Bangka and Billiton, 

403 

Bengkalls, Sumatra, 417,418,511 
Bengkalls, P., Island, Malacca 
Straits, 541 

Benlng Swamp, Central Java, 654 
Benkloen, Sumatra, 467 


Benkoelen, Sumatra, 19,60,419,425, 
511 , 51**, 519,521*, 528 , 530,555,556, 

51*7 

Bengkoenat, Southern Sumatra, 556 
Bengo, Celebes, 379 
Berbek, Central Java, 65 O 
Be sal, W., River, Southern Sumatra, 

532 

Beser, Mt., (G.), 68 I 
Beslnl Swamp, Eastern Java, 684 
Besoa, Celebes, 552,535,538 
Besoekl, Eastern Java, 51,248,681 
Besoekl Residency, Eastern Java, 

115 , 665 , 669,686 

Besokor, Java, 563 

Bessie, Gg., Sumatra, I 5 

Betong, Mt . , Southern Sumatra, 522 

Betuwe, Netherlands, 402 

Blkaroe, Celebes, 571 

Blla River, Celebes, 585 , 585,501 

Blla River, Sumatra, 447 

Bllah, Sumatra, 461,462,537 

Bllalang, Celebes, 556 

Billl ton, 50 , 60 , 74 , 108 , 129 , 228 , 526 , 

409,655 

Billiton and Bangka, 405-415 
Bima, Soembawa, 220,222,226 
Blndjey, Sumatra, 466 
Blntoehan, Southern Sumatra, 556 
Bloek Swamp, Central Java, 626 
Bird’s Head, New Guinea, 274 , 275 , 

276 , 292,295 

Blreuen, Atjeh, Sumatra, 429,438,441 
Bltono Timor, 265 

Blambangan Peninsula, Eastern Java, 

666,688 

Blang Mfe, IQ:,, Atjeh, Sumatra, 440 
Blltar, Central Java, 217,655,665 
Bloeboer-llrabangan, West Java, 595; 
604,606 

Bloemel River, Batak Lands, Sumatra, 

455,468,471 

Bloemen River, New Guinea, 286 
Blongkeng, Merapl, Central Java, I 8 I, 
640 

Blora, Central Java, 665 

Boalemo, Celebes, 521,323,341 

Boawal, Flores, 259 

Bodjonegoro, Central Java, -660 

Boeakajoe, Celebes, 364 

Boealemo Peninsula, Celebes, 343 

Boeboenan, Ball, .210 

Boedoean, Java, 155,565 

Boedoeran, Eastern Central Java, 636 

Boegboek, Ball, I 7 I 

Boeklt Beritl, Southern Sumatra, 518 

Boeklt Besar, Southern Sumatra, 518 , 

531 

Boeklt Boengkoet, Southern Sumatra, 

534 



Boeklt Boentak, Southern Sunjatra, 

516 

Boeklt Daoen, Southern Sumatra, 

518.551.535.547 

Boeklt Dlngln, Southern Sunatra, 

518 

Boeklt Gadang, West Sumatran Hte., 
Boeklt Garba^ Southern Sumatra, 

524 

Boeklt Garbo, Southern Sumatran 
Mte., 515 

Boeklt Gedang Oeloe Lais, Southern 
Sumatra, 5I6 

Boeklt Kaba, Southern Sumatra, 531; 

547 

Boeklt Kalam, Southern Sumatra, 

518.531.535.547 

Boeklt Loemoot, Southern Sumatra, 

518 

Boeklt M 98 oeral, Southern Sumatra, 

517,527,53^ 

Boeklt Moetoeng, Southern Sumatra, 

532 

Boeklt Nantl, Southern Sumatra, 532 
Boeklt Oeloe Nllo, Southern 
Sumatra, 517,527,53^ 

Boeklt Paboee, Southern Sumatra, 

518 

Boeklt Pajoeng, Southern Sumatra, 

518 

Boeklt Radja Mandara, Southern 
Sumatra, 5I8 

Boeklt Rawla, Southern Sumatra, 

532 

Boeklt Rlndlngan, Southern Sumatra, 

533 

Boeklt Sebandar, Southern Sumatra, 

517 

Boeklt, Gg., Teloekbetoeng, 

Sumatra, 19 

Boeklt Toenggoel, West Java, 587 
Boeklt Toengkat, Southern Sumatra, 

517 

Boela&i, Madloen, Central Java, 646 
Boeleng, Florea, 242 
Boeloe-Nlpae PasB, Batak Lands, 
Sumatra, 50,449 
Boeloer Kaeap, Sumatra, 15 
Boeloekomba, Celebes, 573,376 
Boemlajoe, Central Java, 619,622 
Boemldjava, Southern Sumatra, 533 
Boender, Madoera, 693 
Boengabondar, West Sumatra, 50^ 
Boengboelang, West Java, 57^,593 
Boeool, Celebes, 521 
Boer nl Bias, Atjeh, Sumatra, 451 
.Boer nl Geureudong, Atjeh, Sumatra, 

149,429,450,451,455,^39 

Boer nl Paja, Atjeh, Sumatra, 431 
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Boer nl Poepandjl, Atjeh, Sumatra, 

450,451,433 

Boer nl Rakal, Atjeh, Sumatra, 

450 

Boer nl Salahnama, Atjeh, Sumatra, 

431 

Boer nl Telong, Atjeh, Sumatra, 

33,429,450,431,453,436,459 

Boeraln, Timor, 26? 

Boorangrang, Western Java, 92,587, 

598 

Boeroe, 297,299,302-503,506 
Boetak, Central Java, 655,660 
Boeton Island, Celebes, 545,344, 

352 

Boeton Strait, Celebes, 345 
Boewool, Celebes, 51 
Bogowonto River, Java, 565,625 
Bohorok, Batak Lands, Sumatra, 

45} 

Bojan, Rlouw, 56 

Bojan Poelau Boeloe, Rlouw, 51 

Bokwlen, Tlmore, 269 

Bolaang Mongondoe, Celebes, 521, 

522,523,324 

Bolango River, Celebes, 526 
Bolano Plain, Celebes, 524,528 
Bomba, Celebes, 552 
Bombay, India, 53,164 
Bomberal Peninsula, New Guinea, 

276,291 

Bondjol, West Sumatran Mts., 495, 
506 

Bondovoso, Eastern Java, 37,666, 

681,684,685 

Bone Coast, Celebes, 575,381,382 
Bone Mts., Celebes, 329,3^,369, 

570,573 

Bangka, River, Celebes, 343 
Bongsoe Volcano, DJambak, 21 
Bonl Gulf, Celebes, 358 
Bontaeng, Celebes, 377,381,382 
Bontorlhoe Mts., Celebes, 569 
Bora, Celebes, 116,332 
Bordeaujc, France, 474 
Borneo, 16,17,20,40,50,51,60,86, 

108, 147, 164, 189, 250, 283 ,287, 
326, 383-403, 411, 415, 4l6, 419, 
595,618 

Borneo, -Southern and Eastern 
subdivisions of, 511 
Borneo, Western subdivision of, 

59,511 

Bourgogne Region, 474 

Brabant Fens, 335 

Brang Rea River, Soembava, 225 

Brangmojo, Soembava, 225 

Bran tan Lake, Ball, 194,195,209 

Brantas River, Java, 74,564,581. 

635, 636, 645, 64H, 649, 664, 665, 
682,684 


m. 

Bras, K., DJambak, 21 
Brastagl, Batak- Lands, Sumatra, 451, 
460 

Bratan Mts., Ball, 200,211 

Brazil, 294,567,507 

Brebes, Central Java, 627,628 

British Guiana, 96 

British Borneo, 585,401 

Brcmo, Eastern Java, 31,57,154,666, 

667,668,670,671 

Brunei, Borneo, 585 
Bultenzorg, Java, 25,24,25,43,52,55, 
54, 91,102,566, 572, 575, 576, 578, 
579,580,581 

Bultenzorg District, II5 
Burma, 506,495 
Bwool, Celebes, 525 

Calbada, Portuguese Timor, 27I 
California, l64 
Cape Patlro, Celebes, 569 
Celebes, 17,21,57,40,50,51,57,60,86, 
116, 164, 195, 314-585, 416, 419, 510, 
618 

Celebes, Central, 530-3^1 
Celebes, The Lake Region, 569-583 
Celebes, Northeastern Peninsula, 

341-545 

Celebes, South, 172 

Celebes, Southern Toradjo Lands, 352- 

569 

Celebes, Southeastern Peninsula, 

345-352 

Celebes, Southsouthwestern Portion, 

369-383 

Celebes, Western, l4l 
Central America, 55,113,293 
Coram, 292,297,298, 299, 301-302, 305, 
411,445 

Chorlbon, Java, 55,60,115,159,227, 

567, 585 , 591 , 611 , 618, 629, 686 

Cherlban Lowlands, 6IO 
Chinese Districts, Borneo, 585,599 
Congo, Equatorial Africa, 42 
Cyclops Mt. Range, Rev Guinea, 285 

Dalrl, Batak Lands, Sumatra, 455, 

456,458,461,507,508 

Danau Plain, Bantam, Java, 569 
Danau Range, Beintam, Java, 568 
Danau Volcano, Java, 570,575,580,635 
Darlfoera Mt. Range, New Guinea, 285 
Darmaradja, West Java, 610 
Datoe, West Sumatran Mts., 494 
De Blit, Netherlands, sunahlne at, 

101 

Deccan, India, 172 
Delang Baros, Sumatra, I8 
Dell, Sumatra, 67,415,425,446,449, 
li}}, 461, W}, 464 , 471 ,'472, 47}, 474, 
4 ai, 491, 507, 559,555 
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Dell Experiment Station, Sumatra, 

485,489 

Dell Mte., Sumatra, 4l8 
Dell Moeda, Sumatra, 467 
Dell Toewa, Sumatra, 469 
Demak, Central Java, 187 , 657 , 

639 , 664,665 

Dempo, Southern Sumatra, 518,521, 

524,528,531,532,547,551 

Dendang, Bangka and Billiton, 405 
den Pasar, Ball, 197 
Depok, West Java, 576,579 
Dlamant Point, Sumatra, 423,424, 

440 

DlengMte., Java, 5^6,557,588,618, 

623 , 628,629 

Dlgoel River, New Guinea, 281 , 285 , 

295,380 

DJaboeng, Central Java, 65 O 
DJaglla Mt., Soemba, 252,255 
DJallola, Halmahera, 311,513 
DJambl, Sumatra, 19,21,75,164,417, 

4l8, 419 , 420 , 425 , 501 , 511 , 512 , 514 , 
516 , 517 , 524 , 526 , 528 , 554 , 535, 542 , 

543,544,546,547,573 

DJambl Mte., Sumatra, 510 
DJambl River, Sumatra, 74,537, 541- 
546 

DJamboe Mte., Java, 618 
DJamboe AJ 6 , Kr., Atjeh, Sumatra, 
440 

DJaml, West Java, 57J 
Djampangkoelon, Weet Java, 574,593, 

594,595 

DJampang-tengah, Weet Java, 595 
DJampange, West Java, 594,596 
DJamplt, Mt. (G). Eastern Java, 

668,675 

DJeingkat, Southern Sumatra, 517 
Djapare, North, 562 
DJaran Poeeeah, Soembava, 225 
DJaelnga, Bantam, West Java, 572, 

575,576 

DJatl dam, Madloen River, Java, 173 
DJatlbarang, West Java, 590,591 
DJatlnegara, Central Java, 622,630 
DJatlwangl, Weet Java, 590 
DJawawawo, Floree, 242 
DJawlla, Soemba, 247 
DJember, Eastern Java, 52,666,68lj 

684,685 

DJembrana Region^ Ball, 200,203,211 
DJenejponto, Celebes, 371,373,376, 
377 

DJopcn, Central Java, 665 
DJlnongdalom, Ball, 210 
DJocJa, 534 

DJocJa see also Jogjakarta 
DJoewana, Eastern Java, 688 
DJogolarangan, Central Java, 643 


DJombang, Java, 566 , 650 , 655 , 665 , 

686 

Djonggat, Lombok, 217,219 
DJonggol DJae, West Sumatra, 503 
Doell, Celebes, 368 
Doemoga Plain, Celebes, 323,527 
Dolo, Celebes, 337 
Dolok Batopoe, Sumatra, 472 
Dolok Merlawan, Sumatra's East 
Coast, 491 

Dolok Sanggoel, Toba Plateau, 
Sumatra, 459 

Dolok Semlllr, Sumatra, 463 
Dolok Simbolon, Sumatra, 463 
Dolok Songsong, 472 
Dolok Tenaroh, Sumatra, 472 
Dongala, Celebes, 57,321,330,332 
Donggala, Western Celebes, 
erosion, l4l 
Doro, Java, 565 

Ebang, Timor, 268 
Ekas, Lombok, 219 
Elpapoetlh Bay, Ceram, 305 
Endeh, Flares, 116,229,230,236, 

239,242 

Enkajoe, Borneo, I 6 
Enrekang, Celebes, 182,356,357, 

365,567 

Eretan, West Java, 591 
Etna, Sicily, 623 
Etna Bay, New Guinea, 295 
Europe, Central, 62,98,125,284 

Fakfak, New Guinea, rainfall, 51 
Fatoehauk, Timor, 267 
Fatoe Kiedoewa, Timor, 263 
Fa toe Menaese, Timor, 262 
Fatoe Nainaban, Timor, 262 
Fatoe Neukatella, Timor, 263 
Fatoe Sanan, Timor, 262 
Fennema Mte., Celebes, 333,335, 
338,340 
FIJI, 493 

Flores, 20,51,57,116,149,156,168, 
172 , 228 - 245 , 246 , 435,^06 
Foja Mt. Range, New Guinea, 283 
Formoea, 493 

Fort de Kock, Weet Sumatran Mte., 

138 , 495,505 

Fort van der Capollen, Western 
Sumatra, 494,501,506,508,515 
France, 460 
French colonies, 348 
French Indo-Chlna, 62,306,493 

Gadjah Moengkoer, Central Java, 
646 

Gagak, Mt., West Java, 579 


Gajo Lesten, Atjeh, Sumatra, 436 , 

443 

Gejoe, Atjeh, Sumatra, 418,429,430, 

431,432,433,434 

Gale la, Halmahera, 311,312 
Galoenggoeng, Java, 34,37,558,593, 
597,598,608,609 

Gambar Plantation, Java, 36,37 
Gambrlan, Eastern Java, 687 
Gamkanora, Mt., Halmahera, 309 
Gaplt River, Soembawa, 221 
Garoem, Kodirl, I 80 
Garoeng, Central Java, 629 
Garoet, Western Java, 34,91,591,593, 

604 . 606.608 

Gautier Mt. Range, New Guinea, 283 
Gedoh (Goenoeng), Mt., West Java, 

34 , 37, 556 , 572 , 578 , 579, 580 , 582 , 

583 . 586 . 607.608 

Gedonegsoerlan, Southern Sumatra, 

536 

Gedongbatln, Southern Sumatra, 555 
Gedongdalem, Southern Sumatra, 533, 
55't 

Gedonggedeh, West Java, 582 
Gedongsoerlan Depression, Sbuthern 
Sumatra, 555 

Gedongtataan Colony, Southern 
Sumatra, 554 

Geelvlnk Bay, New Guinea, 274 , 275 , 

294,295 

Geger Idjoe, Merapl, Central Java, 
64l 

Gall Ndora, Flores, 235 
Gendlng, Eastern Central Java, 636 
Genteng K. River, Central Java, 620 
Genteng, Eastern Java, 687 
Gentoeng, Eastern Java, 685 
Germany, I 25 

Geslekan, Eastern Central Java, 636 
Geumpang, Atjeh, Sumatra, 437 
Geureudong, Atjeh, Sumatra, 430,431, 

458 

Glanjar, Ball, 137,197,199,210 
Glaray, French Indo-Chlna, 6l 
Glblnan, K., Moerlah, Java, 38 
Glllrang River, Celebes, 383 
Glmpoe, Celebes, 358 
Glntoe, Celebes, 334 
Goa, Celebes, 374,376,377,582,383 
Goendlh, Central Java, 656 
Goedong Soerlan, Southern Sumatra, 

520 

Goemal Mts., Southern Sumatran Mts., 

514,518,531,547 

Goendoel, Ball, 198 
Qoeng River, Central Java, 623 
Goenoeng Api, Banda Islands, 306 , 
see also Mt. Apl 

Goenoeng Awlbengkok, West Java, 579 
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Goenoeng Bangak, JaVfe, 559,560, 

61i5 

Ckfenoeng Bantjak, Central Java, 61|6 
Goenoeng Belong, Southern Sumatra, 
522 

Goenoeng Dempo, Southern Sumatra, 

518, 521,524, 528, 5J1, 552,547, 551 

Goenoeng DJamplt, Eastern Java, 

668.675 

Goenoeng Gagak, West Java, 579 
Goenoeng Ceded, West Java, 57^ 
Goenoeng Hallraoen, West Java, 575 
Goenoeng Kedaton, Southern Sumatra, 

19,52^2,523 

Goenoeng Kendang, Eastern Java, 66)8 
Goenoeng Kendeng, Prlangar, Java, 

597,669,673 

Goenoeng Koenjot, Southern Sumatra, 

19,522,523 

Goenoeng Lasem, 655,660 
Goenoeng Lavang, Central Java, 660 
Goenoeng Loeroes, Java, 37,558,666 
Goenoeng Malang, West Java, 589 
Goenoeng Malea, Sumatra, 538 
Goenoeng Mas, West Sumatran Mto., 

495 

Goenoeng Moerlah, Central Java, 57, 

38, 51, 558, 619, 650, 655, 660, 662, 

66li,68l 

Goenoeng Nagfok, West Java, 589 
Goenoeng Pandan, Central Java, 660 
Goenoeng Pandan, Southern Sumatra, 
53^ 

Goenoeng Perbakti, West Java, 579 
Goenoeng Prahoe, Central Java, 628 
Goenoeng Radjahaea, Southern 
Sumatra, 522 

Goenoeng Raja, Southern Sumatra, 

517,532 

Goenoeng Rantl, Eastern Java, 668, 

675 

Goenoeng Ratal, Southern Sumatra, 

522,555 

Goenoeng Ringgit, Eastern Java, 37, 

665 

Goenoeng Rlnteh, Upper, 468 
Goenoeng Selatdjaoe, West Java, 

604 

Goenoeng Sewoe, Central Java, 225, 

225,623,624,650,651 

Goenoeng Slmpal, West Java, 610 
Goenoeng Soeket, Eastern Java, 668, 

674.675 

Goenoeng Soemhing, Central Java, 
646 

Goenoeng Soemhlng, Southern 
Sumatra, 517,554 

Goenoeng Soeglh, Southern Sumatra, 

554 

Goonoang Srawed, Sastsrn Java, 687 


Goenoeng Talang, Western Sumatra, 

508 

Goenoeng Tandlkat, West Sumatran 
Mts., 495 

Goenoeng Tanggamoes, Southern 
Sumatra, 555,555 
Goenoeng Tlga, Southern Sumatra, 

525 

Goenoeng TJalantJang, West Java, 
604,610 

Goenoeng Toedjoeh, Southern 
Sumatra, 516 

Goenoeng Toewa, West Sumatran 
Mts., 495,515 
Goenoeng see also Mt . 

Goentoer, Java, 50,51,52,55,55, 
56,558, 595 , 597 , 598, 606 , 608 

Goeroe Klnanjan, Batak Lands, 
Sumatra, h(jO 
Golo Naraoe, 244 
Golo TJode, Flores, 24l 
Gomboi^, Western Central Java, 

627’ 

Goranggareng, Central Java, 650 
Gorontalo, Celebes, 56,321,322, 

323,325,527,528,329 

Goudborg, Atjeh, Sumatra, 429, 

438, J.' 39 ,^* 40,441 

Gradjegan, Eastern Java, 684,687, 

688 

Great Atjeh Valley, Sujiuitra, 438, 
441 

Great East, Islands of the, 193 
Groningen, Netherlands, 402 
Groot Waling, Lonthor, 304 
Guatemala, 113 
Guinea, 354, 3^^^ 

Hablnsarnn, Batak Lands, Sumatra, 

453, 46 l,'* 62 , 49^4,558 

Hallmoen, Mt., West Java, 575 
Ha,lmah0ra, 307-53 5, 521, 573,445,472 
Hanopan, West Sumatra, 5O3 
Hantaiig, Mt., Borneo, 397 
Haroekoe Island, Molukkas, 30I 
Haumonl, Timor, 20,262 
Heutsz Mts., Batak Lands, Sumatra, 
U7 

Hi Jang, Eastern Java, 666 
Hi toe, 296,297,500,301,505 
Hoalmoeal, Ceram, 302,500 
Hoeroen, Kpg., Sumato’a, 19 
Hoeta Barat, Batrak Lands, Sumatra, 

459 

Hoeta Imbaroe, West Sumatra, 504 
Hoeta Padang, West Sumatra, 503 
Hollandla, Nev Guinea, 282 
Hondjb Mts., West Java, 574 
Honltetoe, Ceram, 298 
Humboldt Bay, New Guinea, 277 


Idenburg River, Now Guinea, 284 
Idl, Atjeh, Sumatra, 438,440,445 
Ttijen, Eastern Central Java, 636,675 
Id Jon Mts., Java, 156,250,556,588, 

665 , 666,668, 673,681 

Id Jen Plateau, Java, 60,155^562,588, 
669,672,673,682 

Idjo River, Central Java, 623 
Idjoen, Central Java, I76 
I Jang Mts., Eastern Java, 665,666, 

670,677,684,685,687 

111 Mandlrl, Floros, 224 

lllr, Soembawa, 225 

Ilwakl, Wettar, 116 

Imoon, D., Batak Lands, Sumatra, 448 

Didaroeng, Sumatra, 56,57 

India, British, 42,53,68,164,168, 

329,^*15,493 

Indian Ocena, 507,524 

Indo-Chlna, Fi^ench, 61,62,96,306,493 

Indraglri, Rlouw, 611,512,514 

Indramajoe, Java, 115,566,583,590,619 

Indrapoera, Wont Sumatra, 502 

Infirapocrl, Atjeh, Sumatra, 44l 

Ine Like, Flores, 232 

Ine Rle, Flores, 231-234 

Inggoer, Nev Guinea, 286 

Ins ana, Timor, 267 

Italy, 623 

Japan, 493 

Japara, Central Java, 661 
Japon Island, Nev Guinea, 275 
Java, 16, 17, 19,21,30, 50, 52, 108, 114, 
115,164,225,230,242,268,276,314, 

518, 526, 566; 367, 379, 365 , **15 , '*16, 
'‘25, '*35, 173, '*8-1, '*•85,50'*, 510, 355- 

689 

Java, Central, 40,168,176,307,617- 
665 

Java, Eastern, 60,172,173,189,665- 

689 

Java, Eastern Central, 632,665 
Java, Western, 164,169,367,464,567- 
618 

Java, Western Central, 6I8-632 
Java Sea, 371,507,551,619 
Java, Climatic Man of, 176,379 
Java and Madoera, 518,493 
Jogjakarta, Centi'al Java, 115,534, 

556,567, 618,024,632,655,636,650, 
651,086 

Jotefa Lagoon, JJev Guinea, 283 

Kaap Pedro, Atjeh, Sumatra, 429 
Kaba, Southern Sumatra, 518,528,531, 
535,556 

Kabaena Island, Celebes, 543,344,345 
Kabandjahe, Batak Lands, Sumatra, 

451,454 
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Katlrau, Borneo, hOO 
Kaboendoe Mawoa, Mt., Soemba, 256 
Kadamangan, Java, 563 
Kadlpaten, West Java, 610,615 
Kadjen, Western Central Java, 627 
Eajoemas, Java, 51 
Kakaa, Mlnahasa, 520 
Kakoesan, Boeroe, 302 
Kalaena River, Celebes, 3^0 
Kalanggaran, West Java, 577 
Kalawaranapoetl, Celebes, 332 
Ealengan, 91 
Eallba, Celebes, 329 
Kali Besl, Tengger Mts., Java, 31 
Kallbakong, Central Java, 623 
Kail Baroe, Eastern Java, 687,688 
Kail Bekassl, West Java, 5^2 
Kail Bengawan, Central Java, 623 
Kail DJoroan, Central Java, 643 
Kail Goeng River, Central Java, 622 
Kail Konto River, Central Java, 639 
Rail Loesl, Central Java, 659 
Kail Pajoeng, Sumatra, 19 
Kail Poetlh, Kedlrl, I 80 
Kalloso, Soerakarta, Java, 136,662 
Ka]lredja, Western Central Java, 

627 

Kail Serang, Central Java, 659,664 
Kail Setall, Eastern Java, 684,687, 

688,689 

Kail TJomal, Central Java, 622 
Kallvadas, Central Java, 620 
Kali Wldas, Central Java, 643,647 
Kallwoengoe, Western Central Java, 

627 

Kalossl, Celebes, 51,354,357,563, 
368 

Kamal, West Java, 578 
Kamarun Volcanoes, Africa, 293 
Kambera Valley, Soemba, 25 I 
Kampar, Upper, West Sumatran Mts., 

498 

Kampar River, Sumatra, 537 
Kamparklrl, West Sumartan Mts., 

501 

Kampong Baroe, Sumatra's East 
Coast, 485,486 
Kanatang Valley, Soemba, l40 
Kandangdjatl, Eastern Central Java, 

636 

Kandanghauer, West Java, 590,591 
Kandlbata, Batak Lands, Sumatra, 

451 

Kangean Island, 693 
Kaoe Plain, Balmahera, 311,313 
Kaoer, Southern Sumatra, 536 
Kapan, Timor, 264,268,275 
Kapoeas, Bomes, 390,397 
Kapoerare, New Guinea, 29. 

Kapoeren, West Java, 577 


Kaporesa, Celebes, 352 
Karang, G., Bantam, Java, 568 , 

569,570,577 

Karangampel, West Java, 591 
Karangan, 91 

Karangasom, Ball, 171,196,197,203 
Karangblnangoen, Central Java, 

664,665 

Karangbolong Mts., Central Java, 

176 

Karangnoenggal, West Java, 595 
Karang Nongko, Java, I 8 I 
Karangsamboeng, Java, 39 
Karbouwengat, Fort de Kock, 

Sumatra, 138,418,495,497 
Karlkl, Mt. Soemba, 256 
Karlmata Strait, 287 
Earlmoor Mt. Range, New Guinea, 

283 

Karo Lands, Sumatra, 21,446,448, 
460,506 

Karo-Batak Plateau, Sumatra, 448. 

450,452,454,456,457,463 

Karoea, Mt., Celebes, 367 
Karoenl, Soemba, 249,250 
Karoewa, Celebes, 568 
Kasoean, Mt., Mlnahasa, 314 
Kasomalang, West Java, 589 
Katanglad Mt., Philippines, I 50 
Kawa TJlwldeul, Java, 52 
Kawah Idjen, Eastern Java, 666, 

668,675 

Kawah Manoek Volcano, Java, 30 

Kawala, Celebes, 352 

Kawall, West Java, 593 

Kawl, Central Java, 632 , 670,682 

Kebajoran, Western Java, 58 I 

Koben, West Java, 577 

Kebljan, Borneo, 20 

Keboemon, Java, 618 

Kedaton, Mt., Sumatra, 19,522,523 

Kedlrl, Java, 35,37,52,115,180, 

181 , 182 , 566 , 636 , 646,647, 648, 
649 , 650 , 652 , 654 , 665 , 686 , 693 
Kedoe, Central Java, 115,180,283, 
625,628,629,631,640 
Kedoengwoenl, Western Central 
Java, 627 

Kedongdong, Southern Sumatra, 523 
Kefannanoe, Timor, 264,268 
Kelam, Bt., Borneo, 17 
Kelawls, Soembawa, 223 
Kellng, Java, 182 
Kellng, Karo Plateau, Sumatra, 460 
Koma, Mlnahasa, rainfall of, 315 
Esnall, Southern Sumatra, 532 
Kendal, Java, 227,566,618,627,628, 

630,632 

Kendang, Mt., Eastern Java, 668 
Kendarl, Celebes, 345/550,352 


Kendeng, Mt., Eastern Java, 597; 669, 

673 

Kbnlng Valley, Central Java, 659 
Kenteng River, Madloen, Java, I 7 I 
Kent Jong, Central Java, 648 
Kepahlang, Southern Sumatra, 531/ 

556,547 

Kepajang, Southern Sumatra, 518 
Kerkap, Southern Sumatra, 535 
Kertosono, Central Java, 665 
Ketahoen, Southern Sumatra, 535 
Ketapang, Borneo, 394,403 
Ketlmbang, Southern Sumatra, 528 
Keureutbee, Kr,, Atjeh, Sumatra, 440 
Klara b^r^s. West Java, 579 
Klllmandjaro, East Africa, 293 
Klmang, Flares, 242 
Klnajambl, Mt., Celebes, 342 
Klnderzee, Central Java, 626 
Klnlbaloe, Mt., Borneo, 385 
Klritamanl, Ball, 197,206,210,212 
Klsam, Southern Sumatra, 532 
Kissar, Rainfall of, II 6 
Klabat, Mt., Celebes, 314,317,318 
ELampok, Java, 36 
Klaten, 74 

Kloempang, Sumatra, 467 
KLoengkoeng, 137,197,199,202,210 
Kloet, Java, 6,29,33,34,35,36,180, 

182 , 205 , 217 , 318 , 452 , 557, 559, 560 , 
632 , 633 , 635 , 636 , 639 , 646, 647,648, 
670 , 671,677 

Kobe, Balmahera, 3 II 
Kodl, Soemba, 259 
Koeantan, Sumatra, I 5 
Koeboe, Southern Sumatra, 551 
Kbeboetengah, Southern Sumatra, 520, 

521 

Koekoe, Celebes, 331 
Kbekoesan, Central Java, 643,654 
Koekoesan, Mt, (G), Eastern Java, 

675 

Koekoesan Mts., Borneo, 591 
Koekoesan, Southern Sumatra, 532 
Koelaboe, West Sumatra, 506 
Koelawl, Celebes, 332,333 
Kbembang Mts., Central Java, 629 
Koembe River, New Guinea, 288,290 
Koenlngen, Cherlbon, Java, 567,617 
Kbenjet, Mt., Sumatra, 19,522,523 
Kbenjlt, G., Southern Sumatra, 517 
Koepang, Timer, 51)247,260,263,266, 

269,273 

Koerlpan, Lenibok, 217,219 
Kbeta Bajoe Pass, Batak Lands, 
Sumatra, 449 
Kbeta Dalem, Bali, 203 
Kbeta Radja, Lonbok, 213 
Koetel, Borneo, 395,396 
Kb«toerdJo, Central Java, 624,625,627 
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Kola Rlvor, Celebes, 336 
Kblaka, Celebes, 350,351 
Eoloriodale, Celebes, 330 , 331 , 338 , 
31 * 0,342 

Kbmerlng Rl 7 er, Sumatra, 328 
Kcanerlnghoeloe, Southern Sumatra, 
551,551 

Kcmorlng-lllr, Southern Sumatra, 

551 

Komodo Island, Flores, 237,24-1 
Konaweh River, Celebes, 351 
Konto River, Java, 182,565 
Kopang, Lombok, 214,215,219 
Kopo (Kragllan), West Java, 572 
Korea, 493 

Korlntjl, West Sumatra, 320,502, 

506, 508, 510, 517, 52lf, 535, 551* 

Kbrlntjl Lake, Sumatra, 517,534 
Korlntjl Peak, Sumatra, 493,555 
Kota, Cherlbon, Java, 6 I 6 
Kota Agoeng, Southern Sumatra, 

531 , 532 , 536,353 

Kota Baroe, Southern Sumatra, 

555.554 

Kota Batoa, Mt. Salak, 74,91 
Kota Boeloeh region, Sumatra, 

460 

Kbtaboemi, Southern Sumatra, 

551.555 

Kotanopan, West Sumatra, 504,511 
Kotaradja, Atjeh, Sumatra, 51, 

458 

Dradenan, East Java, 687 
Ki'agllan, West Java, 572 
Krakatau (Krakatoa), 19,20,22,23, 

2lt, 25, 27,1^51,528, 670 

Kramatwatoe, West Java, 577 
&awang. West Java, 115,150,582, 

585,590 

Brian, Central Java, 648,650 
Bro^'e, Southern Sumatra, 528 , 531 , 

552 , 556,574 

Broking Raja, Sumatra, 424,440 
Broja, Central Java, 624,627,628 
B-omong Mts., West Java, 6 l 4 
Kurveln, East Prussia, 42 
KWala Slmpang, Atjeh, Sumatra, 

438 

KWala Toengkal, Sumatra, 546 
Bfaloe, Sumatra, 462,468 
Bfandang, 323 

Bmntan River, Sumatra, 557 
Bfarau, New Guinea, 290 

Laboean, Veat Java, 562,565,568, 
575 

Laboean Bad Jo, Flores, 116,233 
Laboeanblllk, Sumatra's East 
Coast, 158,511 


Laboeanloenlk, W*, Southern 
Sumatra, 520 

Laboen Roekoe, Sumatra, 467 
Lahat, Sumatra, 74,548 
Lahoeroes, Timor, 263^264 
Lakaan, Timor, 260,264 
Lakbok Swamp, Central Java, 626 
Lake Region, Celebes, 355,569, 

570,415 

Lakes, Celebes, 527,580 
Lambo, Flores, 24l 
Lamboenoe River, Celebes, 328 
Lambo Ja, Soemba, 248,259 
Lamongan, East Java, 55,56,57,318, 

4l8, 558 , 633 , 665,669, 670 , 677 , 678 , 
679 , 684 

Lampahan, Atjeh, Sumatra, 430,439 
Lampoa, Celebes, analysis of Iron 
ore from, 351 

Lampoeawa River, Celebes, 338,340 
Lampongs, Southern Sumatra, 19,417, 

1(19, 424 , U 25 , 510 , 511 , 514 , 515 , 516 , 
522 , 525 , 524 , 526 , 528 , 530 , 531 , 536 , 
543,544,551,555,571,574,670 

Lam Teuba, Atjeh, Sumatra, 440 
Landak, Borneo, 399 
Lang Elland, Brakatau, 22,27 
Langa Mts., Flores, 234 
Langan, Central Java, 626 
Langkat, Atjeh, Sumatra, 428,440, 

445 , 448, 449 , 462 , 463 , ^71, ^ 7 ^, 
484,491,492,493 

Langsa, Sumatra, 424,438,440,446 
Lantjat Tongah, West Sumatra, 503 
Laoet Tawar, Atjeh, Sumatra, 429 
Lape, Soembava, 223,225 
Laple, Soembava, 223 
Larangan, Central Java, 626 
Larantoeka, Flores, 56 , 57,236 
Larona, Celebes, 347,348,351 
Lasem Volcano, Central Java, 655 , 
660 

Latimodjong Mts,, Celebes, 353 , 

557,363,568,369,371 

Lau Balang, Batak Lands, Sumatra, 

454 

Lau Blang, Batak Lands, Sumatra, 

18 , 451 , 453,465 

Lau Boentoe, Sumatra, 469 

Lau Matap, Sumatra, 21 

Lau Renoen, Batak Lands, Sumatra, 

18 , 453,^56 

Lau Soelkam River, Batak Lands, 
Sumatra, 449 

Lau Toekam River, Batak Lands, 
Sumatra, 449 

Lawang, Mt. Central Java, 660 
Lavoe, Java, 55,125,559,632,636, 
643,644,646,647,649 ''‘^ 0 , 652 , 
656,661,664 


Lebak, West Java, 574 , 575,576 
Lebakbarang, Java, 563 
Lebong, Southern Sumatra, 531,551 
Lebonl, Celebes, 332,335,558,559 
Lee, Celebes, 558 
Leltlmor, 296 , 300 , 501,305 
Leles, West Java, 593,604,606 
Lelogama, Timor, 273 
Lemahabang, West Java, 582,583 
Lematang, Southern Sumatra, 74,285, 
5^,551 

Lematang-hlllr, Southern Sumatra, 

551,551 

Lematanghoeloe, Southern Sumatra, 

551,551 

Lembang, Western Java, 588,593 
Lembean Mt., Mlnahasa, 317,321 
Lemo, Celebes, 352,333,358 
Lemorang River, Celebes, 382 
Lemoro, Celebes, 33 O 
Lempelan Plnang, Atjeh, Sumatra, 434 
Lengkong, Central Java, 52,645 
Leuwlllang, West Java, 575,576 
Leworang River, Celebes, 379,360 
Lho'nga, Sumatra, 421,442 
Lho Seumaveh, Atjeh, Sumatra, 74, 

438,444 

Lho Soeken, Atjeh, Sumatra, 440,44l 
Llatola, Flores, 242 
Llmbangan, West Java, 608 
Limboeng, Celebes, 57,368 
Limboer, Southern Sumatra, 534 
Llmboto, Celebes, 57,523,324,325, 

527,377 

Llmbotto Lake, Celebes, 329 
Llngga Archipelago, 326,424 
Llngga Region, Karo Plateau, Sumatra. 
460 

Llngker, Mt., Ball, I 98 
Llntang Valley, Southern Sumatra, 

551 

Llroeng, Celebes, 5 I 
Llntah Strait, Smaller Soenda 
Islands, 235,237 

Llwa, Southern Sumatra, 163 , 532,536 
Loeboe Pakam, Sumatra's East Coast, 

7^,472 

Loeboe Slkaplng, Sumatra, 423,501, 

505 

Loeboek Basoerng, Vest Sumatran Mts., 

495, ‘*96,1*99,513,511* 

Loeboek Gadang, West Sumatra, 506 
Loeboek Plnang, .Southern Sumatra, 

555 

Loeboek Raja, Batak Lands, Sumatra, 

‘*‘*9,1*95,1*97,501,503,511 

Loeboek Slkaplng, West Sumatran Mts., 

498,512 

Loekoela River, Central Java, 623 
Loomadjang, Eastern Java, 666,684,685 
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Loeroee Volcano, Eastern Java, 

37 , 558,666 

Loesa River, Central Java, GhO 
Loesl River, Central Java, 658,665 
Loewang, Mt,, Borneo, 397 
Loework, Celebes, ll6 ,J)k2 , 
377 

Lohoelo, K. , River, Central Java, 
16,39,623 

Lolo, Western Sumatra, 506 
Loloda, Helmahera, 315 
Lombok, Il6,l68,172,21£:£20,223, 

510 

Lombok Town, Lombok, 215,216 
Lombok, South, 242 
Lcmpobatang, Celebes, 369,373,576, 

381 

Longlram, Bomoa, 385 
Lonthor, Molukkas, 303,304,306,307 
Lopoh, Soembawa, 224 
Lopok, Soembawa, 225 
Losarang West Java, 590,591 
Losarl, Western Central Java, 627 , 
&8,631 

Loser, Mt., Atjeh, Sumatra, 431,442 
Losoengbatoe, West Sumatra, 503 
Lowo Glo, Flores, 239 
Lowo Rla, Flores, 242 

Mt. Agoeng, Ball, 194,199,202,212 
Mt. Alsepoet, Celebes, 317 
Mt. Antjaloeng, Borneo, 395 
Mt. Apl, Molukkas, 303,304,307 
Mt. Baloeran, Java, I 56 
Mt. Bantlk, Celebes, 318 
Mt. Bptoer, Bali, 194,195,199,202, 
205,212 

Mt. Gamkanora, Halmahera, 309 

Mt. Hantang, Borneo, 397 

Mt. Kaboendoe Mawoa, Soemba, 256 

Mt. Karlkl, Soemba, 256 

Mt. Kiaroea, col^bes, 367 

Mt. Kasoean, Mlnahasa, 314 

Mt. Klnajcmbl, Celebes, 342 

Mt. Klnlbaloo, Borneo, 585 

Mt. ELabat, Celebes, 314,317,318 

Mt. Llngker, Ball, 198 

Mt. Loewang, Borneo, 397 

Mt. Madjoka, Celebes, 365 

Mt. Marlrl, Celebes, 367 

Mt. Menjoekoeng, Borneo, 390 

Mt. Merababoo, Central Java, I 80 

Mt.' Moetle, Timor, 260,264 

Mt. Mollowo, Celebes, 3^9 

Mt. Nloet, Borneo, 385 

Mt. Pangkanka, Celebes, 3^ 

Mt. Panoellsan, Ball, 202 
Mt. Penglllngan, Ball, 194 
Mt. Poeang, Celebes, 360,561 
Mt. Poenlkan, Lombok, 213,216,217 


Mt. Pokoel, Soemba, 255 

Mt, Pral Madlta, Soemba, ‘251 

Mt. Salahoetoe, Ambolna, 300 

Mt. Salak, 74 

Mt. Sasak, Lombok, 217 

Mt. Satoewl, Borneo, 397 

Mt. Serna Jo, Lombok, 217 

Mt. Sewoe, Java, 223,225 

Mt. Tabanan, Ball, 194 

Mt. Tambora, Soembawa, 220,221, 

225,226,227 

Mt. TJatoer, Ball, 202 
MacClura Gulf, New Guinea, 276 , 

294 

Mabar, Sumatra, 467 
Madloen, Java, 22,36,115,125,164, 
170 , 173 , 566 , 636 , 643, 644, 645 , 646 , 
649, 650 , 652 , 653 , 660 , 664, 686 

Madja, West Java, 6 IO, 611,613,614 
Madjalengka, West Java, 615 
Madjenang, Central Java, 626 
Madjene, Celebes, 330,331^352,340 
Madoera, 115,116,187,242,244,248, 

594, 689^694 

Madras, India, 53^164 
Madjoka, Mt., Celebes, 565 
Magelang, Central Java, 91^622, 

629 

Magetang, Central Java, 65 O 
Mahat, West Sumatra, 506 
Maidl, Halmahera, 313 
Makale, Celebes, 166,364,367 
Makaraeng, Celebes, 574,376 
Makassar, Celebes, 51/369, 373>574, 
381,397,421 

Makean Island, Halmahera, 310 
Malabar, West Java, 563,597,601 
Malacca, 230,293,417,619 
Malacca, Straits of, 424,462,467, 

501,541 

Malang, East Central Java, 36,37 
74 , 75 , 91 , 632 , 654 , 655 , 665 , 666 , 
682,685 

Malang, Mt., West Java, 589 

Malaya, 95,423,467 
Malea, Mt., Sumatra, ^58 
Maim, Celebes, 350,338,344,349 
Mallmplng, West Java, 57^ 
Mallntang, G., West Sumatra, 505 , 

509 

Mamasa, Celebes, 550,355,360,361, 
363,368 

Mamberamo River, New Guinea, 284 
Mamoomere, Flores, 235,236,242,244 
Mandallang, West Sumatran Mts., 

501,504,507,508,510 

Mandelawangl, Prlangan, Java, 6 O 7 
Mandeo, Timor, 273 
Mander, Gulf of, Celebes, 355 
Handing Creek, Bastem Java, 672 


Mandlrantjang, West Java, 610 
Manggar, Billiton, 74,405,409 
Manggar, Central Java, 665 
Manggaral, Batavia, Java, 73 
Manggarai, Flores, 229,236,241,244, 
246 

Manggls, Ball, I 7 I 
Mangoenredja, West Java, 609 
Manlndjau, West Sumatran Mts., 495, 

501 

Manlpa, Celebes, 352 
Manna, Southern Sumatra, 535 
Manoe Bala River. Flores, 20 
Manoemere, Flores, I 56 
Manokwarl, New Guinea, 276,277 
Manondjaja, West Java, 593,609 
Mantang, Lombok, 217,220 
Maoek, West Java, 577,578 
Maoemere, Flores, II 6 
Maos, Java, 618 

Mapa Toenggal, Western Sumatran 

512 

Mapinbaai, Soembawa, 221 

Mappa, Celebes, 365 

Mara, Celebes, 370 

Marabatan, Borneo, 400 

Marau, New Guinea, 290 

Maredje Mts., Lombok, 213,217,219 

Margasarl, Central Java, 65 O 

Marlrl, Celebes, 368 

Marlrl, Mt., Celebes, 367 

Marlssa River, Celebes, 328 

Maroro River, Celebes, 353 

MaroB, Celebes, 37,355,369,371,374, 

375,376,577,378,379,382,385 

Martapoera, Southern Sumatran Mts., 

‘* 15,515 

Mas, Mt., West Sumatran Mts., 495 
Masamba, Celebes, 534,335,538,339 
Masarang, Celebes, 315 
Masaroe, Celeves, 554 
Masbaglk, Lombok, 216,219 
Maesdomoe, Timor, 264 
Masewe, Celebes, 336 
Masoopoe River, Celebes, 362 
Massoe, Soemba, 246,248,250 
Massoe Mts., Soemba, 247,254,256 
Massoe Bokoel, Soemba, 253 
Massoe Karera, Soemba, 258 
Mata Alio, Southern Celebes, 182,339) 
564 

Matanl Lake, Celebes, 344 
Mataram, Lombok, 213 , 215 , 218,222 
Mboell Mts., Flores^ 239 
Mborong, Flores, 224,236 
Medan, Sumatra, 460 , 464 , 465 , 466 , 472 , 
485 

Medang, P., Island, Malacca Straits, 

541 

Meervlakte, Hew Guinea, 274 , 284,294 
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Meeeter CarnellB, West Java, 58 I 
Melanggoe, Soemba, P '36 
Meloewoeng, Java, 618 
Melolo, Soeraba, 116, 

Menado, Calebee, 314,515 
Menangka, ¥©Btem Sumatra, 512 
Meneng Batoer, Ball, I 97 
Menee, West Java, 560,575 
Menggala, Southern Sumatra, 553 
Menjalal, P., Island, Malacca 
Straits, 5^1 

Menjoekoeng, Mt., Borneo, 390 
Merababoe, Mt., Central Java, I 80 , 
618 , 63 P, 644, 647 , 664 
Merada Moendl, Soemba, 25 I 
Meramoendl, Soeraba, 254 
Merangln River, Southern Sumatra, 

517 , 534,544 

Merapl, Principalities, Central 
Java, 35 , 36 , 180 , 181,464, 558 , 6 I 8 , 
622 , 629 , 632 , 636 , 639 , 640, 641,644, 
646,647,661,664,677 
Merapl (idjen). Eastern Java, 557, 

666 , 668 , 669 , 675 , 676, 685 

Merapl, West Sumatran Mts., 3 ^, 

497,501,506,508,509,513,552 

Merapl, Mt., 55,37,71^ 

Meratoos Mts., SE Borneo, 385 
Merauke, New Guinea, 60,278,261, 

289,295 

Merbaboe, Java, 464,467 
Merltjan, Central Java, 648 
Meroebal, Sumatra, 449 
Mertlmbang, D., Batak Lands, 
Sumatra, 448 

Moulaboh, Atjeh, Sumatra, 428,442 
Meureudoe, Kr,, Atjeh, Sumatra, 44l 
Mlchlels Arnold Laiids, West Java, 

586 

Mlnahasa, Celeboe, 31^-321, 3^1,^15, 

418 , 435,512 

Mindanao, Philippines, I 50 
Mlomaffo Region, Timor, 268 
Moa, Elland, 17 
Moelf River, New Guinea, 291 
Mod Jo Sugar Central, Soerakarta, 

49,169 

Modjoagoong, Central Java, 65 O 
Modjokerto, Eastern Central Java, 

636 , 650 , 663,686 

Modjopangoeng, Eastern Central 
Java, 36 , 636,646 
Modjoroto, Central Java, 65 O 
Modjosarl, Central Java, 65 O 
Modjowamo, East Java, I 72 
Mooara Anan, Southern Sumatra, 

517,518,531,536 

Moeara Bolltl, Sumatra, 547 
Moeara Boengo, Southern Sumatra, 

5l6,52lf,53^,5^3 


Moeara Doewa, Southern Sumatra, 

528,531 

Moeara Enim, Southern Sumatra, 

5 ^+ 8,549 

Moeara Kllngl, Sumatra, 547 
Moeara Laboeh, West Sumatran Mts., 

496,502,506,508 

Moeara Manderas, Southern Sumatra, 

517 

Moeara Radoewa, Sumatra, 551 
Moeara Sabak, Sumatra, 546 
Moeara Slau, Southern Sumatra, 517 
Moeara Slpongl, West Sumatran 
Mts., 498,504 

Moeara Tebo, Southern Sumatra, 

55 j , 543 

Moeara Tembeel, Southern Sumatra, 

51*5,3^,546 

Moeara Tewe, Borneo, 395 
Moena, Celebes, 3^3,3^^,350,552 
Moendoek, Ball, 197,199,210 
Moenggal, Tengger Mte., Java, 3 I 
Moonl, Flores, 242 
Moental River, Borneo, 396 
Moontllan, Central Java, 622 
Moerlali, Mt,, Java, 37,38,51,558, 
619 , 650 , 655 , 660 , 662 , 664, 68 I 

Moesl, Upper Valley, Southern 
Sumatra, 532 

Moesl River, Palembang, Southern 
Sumatra, 130,181*, 305,397,518, 
531, 537, 545 , 546-551, 551* 
Moetaralam, Southern Sumatra, 533 
Moetls, Mts., Timor, 260,264 
Moko-Moko, Southern Sumatra, 530, 
535 

Mokko-mokko see Moko-Moko 
Molengraaff Mts,, Celebes, 333, 

554 , 535,538 

Mollowo, Mt., Celebes, 349 
Mollo Mts., Tlmoi', 260,264,267 
Molobagoe, Celebes, 323 
Molukkas, 50,60,292, 296-307, 419 
Mooetong, Celebes, 321 
Morotal, Halmahera, 510 
Morovali, Celebes, 342 
Mosoe, Timor, 260 
Miiller Mts., Central Borneo, 384, 

390 

Muntok, Bangka, 7^,^11 
f^eore State, India, 172 

Naga, Flores, 235 
Nagodang, D., Batak Lands, 

Sumatra, 448 
Nagrek, Java, 60 t) 

Nagrok, Mt., West Java, 589 
Nal Tlmoe, Timor, 273 
Namlea, 505 

Namoe Oekoer, Sumatra, 469 


Nangahale, Flores, 233 

Nangaroro, Flores, 229 

Nanggoelan, Central Java, 622 

Nangl Volcano, Lombok, 213,216,220 

Nangoel, New Guinea, 293 

Napoa Plain, Celebes, 332,335,358 

Natal, West Sumatran Mte., 501,504 

Ndano, Soombawa, 221 

Ndoea Rla, Flores, 230 

Nefokoko, Tlmcir, 275 

Negara, Ball, 197,199 

Negara River, Borneo, 394,400 

Negerl Batin, Southern Sumatra, 532 

Nelra, Molukkas, 297,303,506,307 

Nenas, Timor, 264 

Neno Me Pan, TDaor, 264 

Netherlands, 277,314,540 

Nethaiands Bomeo, 583 

New Guinea, 40,49,50,51,60,108,147, 

188, 274-295, 31^,326,371,^11,^16, 

419 

Nga, L., Atjeh, Sumatra, 440 
Ngada Hlgliland, Flores, 231 , 232 , 236 , 

239,241 

Ngadawono, 101 

Ngadlredjo, Central Java, 648 

Ngafaklalia, Makean Island, 5 IO 

Ngandjoek, Central Java, 647,649,660 

Ngawi, Central Java, 643,664,665 

Ngoesrl, Java, 55 

Ngranglt, Java, 153 

Nlkl Nlkl, Timor, 264,265 

Nile, Egypt, 402 

Nlraboeran Plain, New Guinea, 294 

Nloet, Mt., Borneo, 385 

Nleam, Atjeh, Sumatra, 431 

Nlta, Flores, 242,244 

NJapah, West Java, 577 

Noe Moetl, Timor, 264 

Noesa Laoet Island, Molukkas, 301 

Noesa Penlda, Bali, 204 

Neotoesoko, Flores, 242 

Noll Banatette, Timor, 263 

Noll Benain, Timor, 260, 269 

Noil Besl Moetls, Timor, 263 

Noll Bessy, Timor, 263 

Noll Kolkoll, Timor, 263 

Noli Manoemea, 262 

Noll Mina, Timor, 269,273 

Noll Nlmasal, Timor, 263 

Noil Nonl, Timor, 263,272 

Noil Sanl, Timor, 26l 

Nolltoko, Timor, 264 

Noongan, Mlnahasa, 3^0 

Northern Neck, Celebes, 321,329 

Norway, 3^1 

Obi, Halmahera, 310 
Oedjoeng-Gadlng Land, West Sumatra, 

505 
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Oedjongtroeng, Weet Java, 593; 606 
Oedjonglamoeroe, Celebes, 370; 579 
Oedjong Pemalan^s, Central Java, 6l9 
Oedjong Peusangan, Atjeh, Sumatra, 

UlfO 

Oee Dele, Celebes, 3^2 
Oee Koeli, Celebes, 3^2 
Oee Rate, Celebes, 3^2 
Oeikoesl, Timor, 264 
Oeloe Baroemoen, Sumatra, 538 
Oeloellmaumanls, West Sumatran 
Mts., 496 

Oeloe Pallk, Southern Sumatra, 518 
Oeloe Soengei Subdivision, Borneo, 

383,586, 594, 395, 597, 398, 1*00, 1*02 

Oeloewaisemang Mts., Southern 
Sumatra, 524,533; 537 
Oemboelan Spring, East Java, 74,91 
Oempoeh, W,, River, Southern 
Sumatra, 532 

Oemslni Volcano, Nev Guinea, 291 
Oendaken, Central Java, 665 
Oengaran, Mt., Central Java, 35; 

91,618,619 

Oeroel, Na., Borneo, 30 

Oeroet Sewoe, Central Java, 624 

Oortaten, Molukkas, 307 

Oetan, Soembawa, 224 

Oevim Merah River, New Guinea, 285 

Ogan River, Sumatra, 285,328,545 

Ogan Valley, Southern Sumatra, 532, 

551 

Ogan-lllr, Southern Sumatra, 551 
Oganhoeloe, Southern Sumatra, 531 
Olboeboek, Timor, 267 
Ollolok, Timor, 265 
Olsaln River, Timor, 263 
Olet Bersanak, Soembawa, 223 
Opak River, Central Java, 623 
Ophlr, West Sumatran Mts., 501,508, 

309,510 

Oud Agam, West Sumatran Mts.,^ 501, 

502 

P. Liang, Soembawa, 222 
P. Mojo, near Soembawa, 227-228 
P, Padas Island, Flores, 233 
Padang, P., Island, Malacca 
Straits, 541 

Padang, West Sumatra, 7^; 502 
Padang Gelal, Southern Sumatra, 

116,523 

Padang Highlands, Sumatra, 417, 

1*18, 1*91*, 1*95, 501, 501*, 507, 516, 

51*3 

Padang Hoeloeloe, Celebae, 32l* 
Padang Lawas, West Sumatran Mts., 

501, 501*, 558, 559 

Padang Slden5)0©an, West Sumatran 
Mts . , 71*, 1*91*, 1*96, 1*98, 501,511,538 


Padang Tlfckar, Borneo, 399 
Padar Island, Smaller Soenda 
Islands, 235,257 
Padar int Jang, Java, 563 
Padelarang, Prlangan, Java, 605 
Page, Flores, 242 
Pagaden, West Java, 590 
Pagaralam, Southern Sumatra, 518, 
531 ; 548 

Pagaroetan, Weet Sumatra, 504 
Pageralam, Sumatra, 5^ 

Pngllaran, Java, 563 
Pagoejaman Plain, Celabos, 325, 

525,327 

Pagoejaman River, Celebes, 527 
Palnan, West Sumatra, 502 
Paja TJltJem, Atjeh, Sumatra, 44l 
Pajakombo, West Sumatran Mts., 

494, 500, 501, 502, 513; 51*^; 532 

Pajoeng, Batak Lands, Sumatra, 

460 

Pa Jong, Batak Lands, Sumatra, 456 
Pakall, Celebes, 379 
Pakan Bar 00, Sumatra, 540 
Pakpak Lands, Sumatra, 18,458,510 
Palaboeanratoe, West Java, 593 
Palakadoki, Soemba, l40 
Palembang, Sumatra, 19,21,60,116, 

130, 147, 184, 201,285, 305; 417; 
420, 424, 425, 5II; 514, 524, 526, 
528, 542, 544, 545, 5^6, 548, 549, 
550,551,573 

Palendl-Medlta, Soemba, 250,253, 

257 

Palesan, Celebes, 364 
Pallk, Southern Sumatra, 535 
Pallma, Celebes, 369,371 
Pallmanan, Cherlbon, West Java, 
614 

Paloo, uelebes, 50,56,116,299, 

531, 532, 355, 557, 3'*0 
Paloppo, Colebea, 33**»337;338, 

51*0, 357, 560, 361, 569 
Palpalan, D., Batak Lands, 

Sumatra, 30,449 
Pamarajan, Bantam, Java, 570 
Pamanoekan, Java, 558,590 
Pamekasan, Madoera, 689 
Pameungpeuk, West Java, 574,593 
Pamlndl, D., Batak Lands, 

Sumatra, 448 
Pamoerla, Flores, 242 
Panahattan, Sumatra, 462 
Panant Jangan, West Java, 577 
Panaroekan, Eastern Java, 68I 
Panda^, Eastern Central Java, 

656 

Pandakan, Central Java, 65O 
Pandan, Central Java, 643,647,655 
Pandan, Mt., Central Java,, 660 


Pandan, Mt., Southern Sumatra, 53^ 
Pandeglang, West Java, 7^; 568, 576 
Pandjaboengan, Weet Sumatran Mts., 

494,501 

Pandjaloe, West Java, 593 
Pangandaran, West Java, 5^0,593 
Pangeranggo, Java, 43,45,99,282,562, 

578,607 

Panggoel, Central Java, 652 
Panggoeroean, Batak Lands, II6 
Pangka, Java, 618,627 
Pangkadjene, Celebes, 158,570,371, 

574, 575; 377; 381 

Pangkalan Brandan, Sumatra, 471 
Pangkalan Kotabaroe, Western Sumatran 
Mts., 512 

Pangka Ip Inang, Bangka, 74,405 
Pangkanta, Mt., Celebes, 342 
Pangkoelahan, G., West Java, 575 
Panglawad, West Java, 577 
Paninghlran Lands, West Java, 6l2 
Panoellsan, Mt., Ball, 202 
Panombean, Sumatra’s East Coast, 491 
Panteh Radja, Atjeh, Sumatra, 429 
Pantjoor Plantation, Eastern Java, 

675 

Papandajan, Java, 37; 557; 597; 598 

Papang, Flores, 24l 

Parakan, Wostern Central Java, 627, 

629 

Parang, Lombok, 2l6 

Parang Volcano, West Java, 583; 584, 

587 

Parangtrltls, Central Java, 624 
Pare Pare, Celebes, 371,381 
Parla, Celebes, 371 
ParlaAan, West Sumatra, 502 
Parlar, New Guinea, 29O 
Parlgi, Celebes, 521,329;350 
Parlgl, Java, 567 
Parltl, Timor, 265,275 
Paroeng, West Java, 576 
Paroenkoedjang, West Java, 57^ 
Parsambllan, Toba Lake, Sumatra, 30 
Pasb, Atjeh, Sumatra, 440,444 
Pasemah Plateau, Southern Sumatra, 

527, 530, 552, 5“*?, 51*8, 551 

PaBlr Pengarajan, West Sumatran Mts., 

495 

Pasoeroean, Eastern Java, 36; 43; 52; 

91, 101, 115, 172; 176, 193; 566, 636, 
650, 665; 667, 686 

Patah Sembllan, Southern Sumatra, 

516 

Patl, Java, 155 

Patiajam Mt., Java, 153 

Patlmang, Celebes, 338 

Pat Jet, West Java, 52, 583; 593 

Patjitan, Central Java, 652 

Patoeha, Mt., West Java, 489; 597; 998 
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Patoembah, Sumatra, 469 
Pawonan, Mt. (g), Eaetern Java, 

675 

Pedjagoan, Western Central Java, 

627 

Pekalen-Sampoan, Eastern Java, 

687 

Pekalongan, Western Central Java, 

35, 36, 53, 11!), 620, 627, 628, 629, 
650,651,656,686 

Pelaboean Ratoe, Bantam, West Java, 

572 

Pellng, Celebes, 341 
Pemalang, Central Java, 622,627, 

628,630 

Pemall, Na., Borneo, 20 
Pematang Sawah^Mt., Southern 
Sumatra, 324 

Penaggoenan, Central Java, 652,630 
Penandjahan, Mt., Terigger Mte., 
Java, 31 

Pendll, Mt. (c). Eastern Java, 673 
Pendolo, Celebes, 538 
Pengalengan, Java, 7^t; 489, 490, 362, 

601,602 

Pengantenan, Madoera, 690 
Pengaron, SE. Borneo, 383 
Penggaron River, Semarang, Central 
Java, 631 

Penglllngari, Mt., Ball, 194 
Ponjaboengan, West Sumatran Mts., 

498 

Penjaloe, Pi’langan, Java, 6I8 
Penoeboe, Soomba, 247,249,233,237 
Penoembaran, D., Sumatra, 472 
Peperbaal, West Java, OV' 

Perbo, Southern Sumatra, 333 * 
Perboewatan Island, 23,27 
Perdagangan, Sumatra’s East Coast, 

491 

Petjangaan, Java, 363 
Perbaktl Mt., West Java, 379 
Pertjlbalan, C., Batak Lands, 
Sumatra, 449 

Pesagl, Southern Sumatra, 332 
Petjeren, Karo Plateau, Sumatra, 
460 

Petoeng Ombo, Java, 36 
Peuet Sagoe, Mt., Atjeh, Sumatra, 
429 

Peueangan, Atjeh, Sumatra, 434,441 
Philippines, 493 

Pldle Plain, Atjeh, Sumatra, 429, 

441,444 

Pldjarkollng, West Sumatra, 304 
Plek van Indrapoera, West Sumatran 
Mts., 495,306 

Plek van Korlntjl, Sumatra, 493, 

302, 509, 510, 516, 527, 528, 530, 

533,543 


Plek van Maroa, 37,38 
Pllomasln, Sumatra, 21 
Plnkaesl, Timor, 266 
Plnogoe, Celebes, 528 
Pinrang, Celebes, 367,379 
Pintau,. W., Southern Sumatra, 519 
Plso-Plso, D., Batak Lands, 
Sumatra, 448,449,456 
Pltoeroeh, Western Central Java, 

627,628 

Plampang, Soembawa, 223 
Plelharl Subdivision, Borneo, 

391 

Plered, Java, 6O6 
Ploembon, West Java, 6l4 
Podo, Celebes, 373 
Poeang, Mt., Celebes, 560,361 
Poeger, Eastern Java, 683,687 
Poegoeng, Southern Sumatra, 336 
Poelo, West Java, 377 
Poeloe Danawan, Borneo, 391 
Poeloe Laoet, Broneo, 383 
Poeloe' Seboekoo, Borneo, 383 
Poeloe Soevangl, Borneo, 391,393 
Poeloeh Weh, Atjeh, Sumatra, 428 
Poelosarl, G. , Bantam, Java, 568, 

369,570,375 

Poendak Lemboe, Tengger Mte., 
Java, 31 

Poenlkan, Mt., Lombok, 213,216, 

217 

Poepoean, Ball, 196,197,199 
Poopoes, Madloen, Central Java, 

644,646 

Poerbollnggo, Java, 618,622,627 
Peering, Western Central Java, 

627 

Poerwakarta, West Java, 74,91, 

383,587 

Poervoaerl, Eastern Central Java, 
636,648 

Poerwodadl, Western Centi'al Java, 

628,636 

Poerwokerto, Central Java, 622 
Poerworedja, Western Central 
Java, 627 

Poerworedjo, Java, 618,627,628 
Poespoes, Madloen, Java, I7I 
Poetlh, Celebes, 348 
Poetjak Volcano, Central Java, 

660 

Poovan, S., Borneo, 16 
Polgar River, Minahaea, 320 
Pokoel, Mt., Soomba, 255 
Polambaja River, Celebes, 357 
Polewall, Celebes, 369 
Pompangao Mts., Celebes, 33^ 
Pompanoea, Celebes, 379 
Pontlanak Subdivision, Borneo, 

73,201,585,585,386, 595, 599 


Poolschen Hoed, Krakatau, 26 
Poppoh, Central Java, 648 
Poring, West Sumatra, 304 
Porobbo, Sumatra, I8 
Porrong, Central Java, 648 
Portlbl, Sumatra, 338 
PoBo, Celebes, 329, 350, 331; 333, 536, 
558,3'tO 

Potsdam, Germany, 126 
Pradjekan, Eastern Java, 685 
Prafl River, Nev Guinea, 275 
PrahoG, Mt., Central Java, 628 
Pral Madlta, Mt., Soemba, 53I 
Praja, Lombok, 214,213,219 
Praoe Sorat, West Sumatra, 502 
Prapat, Batak Lands, Sumatra, 447, 
435,462 

Prapatagoeng, Ball, 211 
Prapatoedjoeng, Ball, 194 
Preanger, Java, 49,386,437 
Preanger, Southern, Java, 373 
Preanger see also Ph’langan 
Prlaitian, West Simiatra, 303,313 
Prlangan, West Java, 114,113,391,603 
Priangan Regencies, 392 
Prlangan see also Preanger 
Pr longer (Priangan) region. West 
Java, 113,591-610 
Principalities, Java, 464,366 
Prlngabala, Lcinbok, 216 
Probollnggo, East Java, 167,372,636, 
664,686 

Progo, Central Java, 622,623,624 
Pusa, India, 42,68 

Radjabasa, Mt., Southern Sumatra, 

322 

Radjamandala, Java, 75 
Radjapajoeng, Karo Plateau, Sumatra, 
460 

Raja, Sumatra’s East Coast, 4^8l 
Raja, Mt., Southern Sumatra, 317,332 
Rakata, Krakatau, 22,27,28 
Rambang, Lombok, 213 
Ramblpoedji, Eastern Java, 683,687 
Rarapa, Celebes, 338 
Rana Mese, Floi'es, 240 
Ranau Lake, Sumatra, 19, 165,300, 419, 
513, 518, 321,322, 324, 527, 332,349 
Ranau Region, Sumatra, 367 
Randangan Plain, Celebes, 328 
Randooblatoeng, Central Java, 664 
Randoedongkal, .Western Central Java, 

627 

Rangkas, Java, 368 

Rangkas Betoeng, Bantam, West Java, 

572,575,574,576 

Panoe Mt., Eastern Java, 68l 
Ranojapo River, Mlnaliasa, 520 
Rantl, Mt., Eastern Java, 668,675 
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Raoen, East Java, 37,204,4l8 
Ran taupand Jang, Southern Sumatra, 

Rantepao, Celebes, 

361,363,367,368 
Rantjah, West Java, 393 
Rao, West Sumatra, 306 
Raoen, Java, 339,360,633,636,668, 

670,674,673, 676, 677, 681, 684 , 

683 . 687 . 688 . 689 

Rapang, Celebes, 336,337,365,367, 
368,371,379,380,381 

Rarawana Mts., Celebes, 357 

Rassau, West Suma trail Mts., 495 

Rata, Celebes, 343 

Ratal, Sumatra, 67 O 

Ratal Mt., Southern Sumatra, 502, 

553 

Rato, Celebes, 357,338,340 
Rau, West Sumatran Mts., 494 
Ravah Ratal, Southern vSumatra, 529 
Ravah Sragl, Southern Sumatra, 553 
Rebang, Southern Sumatra, 532,533, 

552 , 553,554 

Redelong, Northern Sumatra, l49 
Redjang, Southern Sumatra, 551,551 
Redjosarl, Madloen, Central Java, 
171,644,646 

Rembang, Java, 115,174,187,350,566, 

595 . 660.689 

Rembokan, Mlnahasa, 320 
Rendang, Ball, 196,202 
Reiigasdengklok, Western Java, 583 , 

591 

R 0 O, Flores, 51,24l 
Rhine, 460,474,547 
Rhun, Banda Islands, 3 O 6 
Rlmboen, Celebes, I 66 
Rimbong, Celebes, 356 
Rlndjanl Moimtalns, Lombok, 213, 

215,216,217,220 

Rlngglh, Fastem Java, 669,675 
Ringgit, Java, 557,558,681 
Ringgit, Mt., East Java, 37,665 
Rlnteh, Mt., 468 
Rlntjah Island, Flores, 229 , 237 , 
238,241 

Rlouw Archipelago, 51,57,60,4l4, 

417,418,424,511 

Roepat, P. Island, Malacca 
Straits, 541 

Roonteng, Flores, 149,233,236,240, 
241,244,268 

Rogodjambl, Eaetern Java, 687 
Rokan River, Sumatra, 538, see also 
Soengel Rokan 

Rokan, Upper, West Sumatran Mts., 

498 

Hongkong River, Celebes, 358,339 
Rosengaln, Banda Islands, 306 


Rowokele, Western Central Java, 

627 

Russia, 367,402 

S. Bantimoeroong, Celebes, 597 
S. Beengoe Bone, Celebes, 397 
S. Rokan, Sumatra, 269 
Saadang River, Celebes, 364 
Sabang, Atjeh, Sumatra, 428,462 
Sadang, Celebes, 357,361,366,569, 

581,383 

Sadaroko, Java, 563 
Sadoko, Celebes, 368 
SaentlB, Sumatra, 467 
Sago, West Sumatran Mts., 495, 

506,509 

Sahoe Plain, Halmahera, 31^,312 
Sahoel Bank, New Guinea, 285 
Saliool Plain, New Guinea, 286 
Salt nl Hoeta, Toba Plateau, 
Sumatra, 459 
Sajan, S., Borneo, 16 
Salahoetoe, Mt., Arabolna, 300 

Salak, West Java, 74,575,578,579, 
580 

Salam, Central Java, 622 
Salaman, Central Java, 622 
Salatiga, Central Java, 467,4t)8 
Salawati, New Guinea, 276 
Saleler, U6 

Salomon Muller Mts., Timor, 261 
Salo-Raja, Celebes, 348 
Saraak, Billiton, 409 
Samalanga, Atjeh, Sumatra, 429 
Samalangan, Atjeh, Sumatra, 44l 
Samarang District, 115 
Samar Inda, Borneo, 386,396 
Saiabas, Borneo, 599 
Samboeng, Krg., Java, 16 
Samgar, Soerabawa, 220 
Sampean River, Eastern Java, 684, 

685 

Samplt, Borneo, 595 
Samplt, Madloen, Java, 655 
Sand Sea, Tengger Mts., Java, 3 I 
Sande River, New Guinea, 280 
Sangenges, Soombawa, 221,222 
Sanggaboewana, G., West Java, 575; 

585 , 584,587 

Sanggaran Agoeng, Korlntjl, 

Western Sumatra, 5 IO 
Sanggl, Southern Sumatra, 53^^ 
Sanglha Islands, 518 
Sangkoerllang, Borneo, 584 
Sanrabon© River, Celebes, 376 
Saoet, D., Batak Lands, Sumatra, 
448 

Saparoea Island, Molukkas, 30 I 
Sapeh, Soembawa, 221,222,226 
Sapelemba, Ce lobes, 336 


Sapoeloeh, Batak Lands, Sumatra, 459 
Saradan, Central Java, 645 
Sarlnembah Region, Sumatra, 460 
Sarml, New Guinea, 293 
Sarolangoen, Sumatra, 543 
Sasak, Mt., Lombok, 217 
Sasak, West Sumatran Mts., 501 
Satoewl, Mt., Borneo, 397 
Sawah Loento, West Sumatran Mts., 

494,495,501,502 

Sawal, Gi, West Java, 35,610 
Sawang, Kr., Atjeh, Sumatra, 44l 
Sawito Plain, Celebes, 367 , 381 , 382 , 

385 

Schwaner Mts., Borneo, 385 
Scotland, 34l 

Sebatooan, K. , Sumatra, I 9 
Sobesl Island, Southern Sumatra, 23 , 

528 

Seblat, Mt., G. , Southern Sumatra, 

531 

Seboekoe Island, Southern Sumatra, 

528 

Soboekoet Island, Borneo, 391 
Sedati, Central Java, 6 I 48 
Sedekot, Soembawa, 222 
Seengkang, Celebes, 570,371,379 
Segalahorai'ig, West Java, 589,590 
Segll, Atjeh, Sumatra, 438 
Sekajoe, Sumatra, 547 
Sekke, Celebes, 332 
Selajang, Sumatra, 470 
Selatdjaoe, Mt., West Java, 6o4 
Selatdjaran, Southern Sumatra, 554 
Selatpandjang, Bengkalls, 73 
Selayang, Sumatra, 466 
Selimepm, Atjeh, Sumatra, 44l 
Selooma, Southern Sumatra, 535 
Seiong, Lombok, 116,215 
Selopada, Celebes, 352 
Seloredjo, Modjowarno, Java, 172,173 
Serna Jo, Mt., Lembok, 217 
Semangka River, Southern Sumatra, 

532,533,537,555 

Semangka Bay, Sumatra, 421 
Semarang, Java, 566 , 618 , 629 , 651 , 632 , 
650 , 655 , 656 , 657 , 662,664, 686 

Semendo, Southern Sumatra, 524,532, 

548.551 

Semlnoeng, G., Southern Sumatra, 521 , 

522.552 

Semoet, Pg., Southern Sumatra, 520 
Semonbal, Borneo, I 6 
Senggrahan^ Southern Sumatran Mts., 

534 

Sontanl Lake, New Guinea, 278 , 283 , 

294 

Sera Joe River, Java, 565,621,623 
Serampas, Southern Sumatra, 53^ 
Serang, Bantam, Java, 571,572,577 
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Serang Plver, Central Java, 66^; 
Sordang, Sumatra, ^49,V;3,)4t)5,463, 

471,474,478,484,491 

Serlboedolok, Batak Lands, 

Sumatra, 449,4'j)2 

Sesean Boeloemanoek, Celebes, 368 
Seseh, Celebes, 592 
Setemper Mts., Soembawa, 223 
Seunagan, Kr., Rlvor, At.jeh, 
Sumatra, 442 

Sevoe, Mt., Java, 223,229,623,624, 

650,691 

Seyohelles, 334 
Slak, West Sumatran Mts., 5OI 
Slak River, Sumatra, 537,540,543 
Slak, Rlouw Archipelago, 425 
Slam, 306,410,625 

SI Anok River, Agam Plain, West 
Sumatran Mts., 5OO 
Slantar, Sumatra, 154,461,470, 
481,482,484,486,490,493 

Slbadak, D., Batak Lands, Sumatra, 

448 

Slbajak, Batak Lands, Sumatra, 

449,451,460,463 

SI Boeal, Ballge, 74 
Slboeal Boeall, West Simnatran 
Mts., 495,502 
Slboehoean, Sumatra, ‘'38 
Slboelan, West Sumatra, 504 
Slboentoean, Batak Lands, Sumatra, 

459 

Slboga, West Sumatran Mts., 494, 

496 

Slbolga, West Sumatran Mts., 498, 

501,502,504,511 

Sicily, 623 

Sldajoe, Central Java, 664 
SI Dongge, West Sumatra, 503 
Sldapoerna, West Java, 

Sldemeng Mountains, Ball, 200,202, 

203 

Sldenreng, Celebes, 367,382,383 
Sldjoendjoeng, West Sumatran Mts . , 

495,502 

Sldoardjo, Java, 648,650,686 
Slllndoeng Plain, Batak Lands, 

Sumatra, 451,457,458,499,500,501 
Slloengkang, Sumatra, 15 
Slloewok Sawangan Plain, Central 
Java, 621 

Slmanoek Mte., Sumatra, 447 
Slmarlto, D., Sumatra, 472,481 
Slmarsompah, D., Sumatra, 472 
Slmatjik, D., Batak Land^, 

Sumatra, 449 

Slmbolon, D., Sumatra, 472,481 
Slmoloangoen, Sumatra, 446,453, 

461,467^92 

Slmlllr, D., Batak Lands, Sumatra, 

449 


Slmo, Kiedlrl, Central Java, 646 
Slmpal, Mt., West Java, 610 
Slmpang Kanan, Atjeh, Sumatra, 

446 

Slmpang Klrl, Atjeh, Sumatra, 

446 

Slnaboeng Volcano, Batak Lands, 
Sumatra, 447,448,449,450,451, 
456, 460 

Slnaboeng, Karo Lands, Sumatra, 30 . 
Slnamar Valleys, West Sumatra, 506 
Slndang, West Java, 590 
Slndangbarang, West Java, 574,593 
Slndanglaoot, Cherlbon, Java, 
614,627 

Sindjal, Celebes, 369,370 
Slndangpalal, Cherlbon, Java, 
611,613,614 

Slndoro Mt., Central Java, 6I8, 

628.629 

Slngalang, Batak Lands, Sumatra, 

30 

Slngamerta, Weet Java, 577 
Slngaparna, West Java, 593 
Slngaradja, Ball, 196,197 
Slnggalang, Batak Lands, Sumatra, 

448,449,456 

Slnggalang de Merapl, West 

Sumatran Mts., 495,499,500,509 
Singjcarah, Sumatra, 56,57,116 
Slngkarah Lake, Western Sumatra, 

506 

Slngkawang Subdivision, Borneo, 

385 

Slngkel, Atjeh, Sumatra, 428,442, 

445,445,499 

Slnlraar River, West Sumatran 
Mts., 500 

Slntang, Borneo, 385 

Slplge, Batak Lands, Sumatra, 453 

Slplrok, Batak Lands, Sumatra, 

J»59, 461, 494, 496, 502, 503 

Slpogoe, Sumatra, 502 
Sli’aboengoii, West Sumatran Mts., 

495 

Slran Swamps, Borneo, 4oi 
Slrawanl, Tengger Mts., Java, 3I 
Slta, Flores, 240 
Sltarlndak, D., Batak Lands, 
Sumatra, 448 

Sltoebondo, Eastern Central Java, 

636. 666. 681. 684. 685 

Siva, Celebes, 369 

Slamat Volcano, Central Java, 30, 

31,32,35,1+9,556,557,558,559, 

608. 618. 619. 622. 623. 628. 629 

Slawl, Central Java, 622,627 
Smeroe, Java, 37,99,175,558,650, 

654, 666, 667, 668, 670, 671, 672, 

673.677.682.685 


Snow Mt. Range, New Guinea, 274,275, 

277,283,290,295 

Soa, Flores, 24l 

Soda, Soeraba, 258 

Soe, Timor, 51,260,264,270,271 

Soobah, Java, 563,627 

Soebang, West Java, 589,590 

Soedhono, Madloen, Java, 646 

Soofa, Timor, 20 

Soeglh, Mt., Southern Sumatra, 554 
Soeka Region, Batak Lands, Sumatra, 
460 

Soekaboeml, West Java, 591,595 
Soekadana, Southern Sumatra, 287, 

385,394,522,523,533,553,554 

Soekamantrl, West Java, 578 
Soekamlakln, Bandoeng, Java, 6o4 
Soekanaloo, Batak Lands, Sumatra, 30 
Soekanegara, West Java, 593 
Soekaradja, Central Java, 622,627 
Soeket, Mt., Eastern Java, 668,674, 

675 

Sookoredjo, Pasoeroean, 51 
Soelan Massive, Southern Sumatra, 

524 

Soell, Ambolna, 305 

Soellkl, West Sumatran Mts., 494, 

501,506 

Soellt Aler, West Sumatra, 5O6 

Soemba, 49, ll6,l4o, 177,189, 245-259 

Soerabawa, 37,220-227 
Soembawabesar, Soembawn, 222,225 
Soembor Rovo, Java, 563 
Soember TJoeleng, Java, 563 
Soemberwaroe, Eastern Java, 116,679 
Soemblng, Mt., Central Java, 6I&) 
623,628,629,646 

Soemblng, G., Southern Sumatra, 517, 

534 

Soombo-Ikan Pass, Batak Lands, 
Sumatra, 449 

Soemenep, Madoera, 689,693 
Soemoer Asem, West Java, 577 
Soempangblnangae, Celebes, 37O 
Soemploh, Western Central Java, 627 
Soompoer, West Sumatran Mts., 496 
Soenda Islands, 60,164,337 
Soonda Islands, Smaller, 50,168,189, 

193,371 

Soenda Land, 6l9 
Soenda Plain, 468 
Soenda Platform, 467 
Soenda Straits, 530,537 
Soengal Bamban, Sumatra, 467 
Soengol Belootoe, Sumatra, 472 
Soengel Bllah, Sumatra, 538 
Soengel Blngei, Sumatra, 469,470 
Soengel dareh. Southern Sumatra, 533, 

543 

Soengel DJoedJoehan, Sumatra, 543 
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Soongol Doewa, Bamao, 591 
Soengei Empoeoek, Borneo, 397 
Soengel Kedangan, Borneo, 397 
Soengoillat, Bangka and Billiton, 
405 

Soengel Kanrpar, Sumatra, 540-541 
Soengol Kwaloe, Sumatra, 397,558 
Soengel KVantan, Sumatra, 540,541 
Soengel Llmau, West Sumatran Mts., 

499 

Soengol Mahakam, Broneo, 397 
Soengel Mentenang,. Southern 
Sumatra, 517 

Soengel Mesoedjl, Southern 

Sumatra, 551 

Soengel Nllo, Southern Sumatra, 

Soengel Padang, Sumatra, 1*72 
Soengel Penoeh, Southern Sumatra, 

523,535 

Soengel Petanl, Sumatra, 469. 
Soengel Rampah, Sumatra, 472 
Soengl River, Ball, 211 
Soengel Rokan, Sumatra, 537,558, 
540,541 

Soengel Slak, Sumatra, 540-541 
Soengel Tenang, Southern Sumatra, 

517,554 

Soengol Wampoe, 470, eee also 
Wampoe River 

Soenggomlnassa, Celebes, 51 
Soeoong depression. Southern 
Sumatra, 532 

Soerabaja, Java, 52,566,595,618, 

632,636,648, 650 , 655 , 663 , 665, 689 

Soerabaja District, Java, 115,350 
Soerakarta, Java, 22,49,136,164, 

169, 566 , 567 , 635 , 640, 643, 644, 

650 , 652 , 661 , 662 , 686, 695 
SoeraJtarta District, 115 
Soerodadl, Central Java, 622,627 
Soesoh River, Atjeh, Sumatra, 442 
Sokan, S., Borneo, 16 
Solo, Eastern Central Java, 75,636, 
645,661,684 

Solo River, Java, 564,643,644,647, 
65 Qj 661 , 664 , 665 

Solok, West Sumatran Mts., 502,506 
Solar, 116 
Sonba, Celebes, 352 
Scnoholle, Timor ^ 262 
Sqpoetan, Celebes, 314,317,318, 

320,418 

Soppeng, Celebes, 37^,379,582 

Sareang, Vest Java, 593 

Sarlk Berapl, Vest Sumatran Mts., 

495,497,50} 

Soronandl Mts., Soenibava, 221,226 
Sorong, Hew OulDiea, 51,275,293,295 
South Amorloa, 293 


South China Sea, 551 
Southern Mts., Eastern Java, 68 I 
Spain, 341 

Srawed, Mt., Eastern Java, 687 
Staring Baj, Celebes, 345 
Sudan, Afl*lca, 164 
Sugar Experiment Station, 
Pasoeroean, Java, 637 
Sumatra, 15,17,53,40,50,60,84,94, 

108 , 189 , 250 , 276 , 283 , 416 - 554 , 
571 , 602 , 618,619 

Sumatra, Central, 30,164,287 
Sumatra’s East Coast, 60,425,451, 
461-493, 511 

Sumatra, Eastern Lowlands of 
Central and Southern, 537-554 
Sumatra, North, I 8 , 149,417 
Sumatra, Southern, 514-557 
Sumatra's West Coast, 425,511, 

534,556 

Suratte Passage, Great Atjeh, 
Sumatra, 428 
Surinam, 96 

Tebanan, Ball, 194,197,199,222 
Tabawee, Flares, 242 
Tablr, Southern Sumatra, 554 
Taboendoe, Soemba, 246 
Taboendoeng, Soemba, 258 
Tafelhoek, Ball, 194,204,211,214 
Tagogapoe, West Java, 604,605 
Tale, Southern Sumatra, 515 
Tajoe, Central Java, 66 I 
Takalar, Celebes, 56,371,576,582 
Takengeun, Atjeh, Sumatra, 437 
Takengon, Atjeh, Sumatra, 74,433 
Talang, West Sumatra, 506,509 
Talang, Mt., Western Sumatra, 508 
Talang Padang, Sumatra, 547 
Talau River, Timor, 267 
Talauk River, Timor, 266 
Taloo Mts., Sumatra, 423 
Tallsse, Celebes, 57 
Tallwang, Soembawa, 222 
Tamanroja, Celebes, 377 
Tamansarl, Central Java, 652 
Tambakrcmo, Madloen, Java, 646 
Tamb€Lng Savah, 517 
Tamboenan, Sumatra, 469 
Tamboke Mts., Celebes, 358 
Tambora, Mt., Soembawa, 220,221, 
223 , 226,227 

Tandang, Atjeh, Sumatra, 446,461 
Tampcnas, West Java, 595 
Tamrau Mts., Haw Quinaa, 295 
Tanah-DJava, Sumatra's last 
Coast, 481,492 
Tanah Nerah, Hew Guinea, 285 
Tanang Taloe, Western Sumatra, 

509 


Tana Roong, Soemba, 258 
Tandlkat, Mt., West Sumatra, 495 
Tandlkat Tebak, Southern Sumatra, 

533 

Tandjoeng, Western Central Java, 

627,628 

Tandjoeng, Lonbok, 215,216 
Tandjong Balel, Sumatra's East Coast, 

74 

Tandjoeng Karang, Southern Sumatra, 

522 

Tandjoengloowar, Lombok, 116,214,215, 

217,218 

Tandjoengpadan, Billiton, 405 
Tandjoeng Saktl^ Southern Sumatra, 

555 

Tandjoengsarle, Eastern Central 
Java, 636,646 

Tandjong Eassau, Sumatra, 471 
Tandjong Lok, Soembawa, 221 
Tandjong Prlok, West Java, 74,572,580 
Tandjong Saktl, Southern Sumatra, 

515.518.551 

Tandoeng, Celebes, 362 
Tangerang, West Java, 571,576,578, 

581 

Tanggamoes, Southern Sumatra, 522, 

5J6 

TanggEusoea, Mt., Southern Sumatra, 

555,553 

Tangjong Balel, Sumatra, 467 
Tangkoeban Prahoe, Java, 57,558,585, 

587,595,598,604,629 

Tangse, Atjeh, Sumatra, 437 
Tapanoell, Sumatra, 442,446,451,457, 
481,493, 494 , 497 , 502 , 504 , 507 , 511 , 
512 

Tapatoean, Atjeh, Sumatra, 442,446 
Tapoes, NSouthem Sumatra, 531 
Taradjoe, West Java, 593 
Tarakan, Borneo, 386 
Taroeb Summit of Lamongan, Eastern 
Java, 679 

Taroetoeng, BatcOc Lands, Sumatra, 

457,498 

Taroetoeng, Celebes, 74,95,320,366 
Taslkmalaja, West Java, 74,566,591, 

593 , 607,609 

Tawaell, Celebes, 340 
Taweton Camp, How Guinea, 29 I 
Tebaoeng, Bornao, 30 
Teblngtlnggl, Sumatra, 466,472,528, 

531.547.551 

Teblng Tlnggi, P., IsUnd, Malacca 
fcaltfl, 541 
Tedjakoela, Ball, 210 
legal, Jara, 566 , 622 , 623 , 627 , 629,686 
Tagalvaroe Baglon, Wait Java, 583, 

584,586,587,588,595 

Tako, Celebaa, 375 
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Telaga, West Java, 610 
Tolaga Dlfitrlot, Celabes, 329 
Telok Botong, Southern Sumatra, 

521,528,531,553,57^ 

Telok Betong Bay, Sumatra, 1^19,424 
Tblong, Atjoh, Sumatra, 430,438 
Temanggoeng, Central Java, 629 
Tembeel River, Southern Sumatra, 

517 

Tempeh, Celohea, 370 
Templlang, Bangka, 4l4 
Tenanggoeng, Central Java, 629 
Tendjo, Java, 562 
Tengaran, Central Java, 46? 
Tenggarong, Berne 0, 586 
Tonggsr Mte., Jara, 30,51,556,588, 
665,^ 667, 668, 671,673,677, 
681,682,681* 

Tenong, Southern Sumatra, 536 
Tentena, Coloboe, 336,340 
Temate, 33,292,307,308,310 
Thailand (Siam), 306,410,493,625 
Tldore, 308 

Tlga Balata, Sumatra's Eaat Coast, 

491 

Tlga, Mt. , Southern Sumatra, 523 
Tlgapoeloe Mts,, Southern Sumatra, 
514 

Tlkoe, Western Sumatran Mts., 499 

Timor, Dutch, 17,20,50,51,168,177, 
260 - 27 ^, 31^.389 
Timer, Eastern, 692 
Tlmorkoepang, 101 
Tlnamboeng, Celebes, 332 
Tlnaroh, Sumatra, 449 
Tlnombo, Celebes, 57,323,329 
Tloro Strait, Celebes, 345 
TJakraboewana, G., West Java, 6IO 
TJakranegara, Lombok, 217,218 
TJalang, Atjeh, Sumatra, 442 
TJalantJang, Mt., West Java, 604, 
610 

TJanq)alaglang, Celebes, 332 
Tjamplong, Timer, 260 
T Jampoerdarat Swamp, Central Java, 

654 

Tjandlroto, Western Central java, 
627 

Tjatoer, Mt., Ball, 202 
TJemara, West Java, 583 
Tjemoro River, Soerakarta, Java, 

136 

TJeii5)edak (Mt.), Borneo, 16 
Tjenrana, Celebes, 369,374 
TJerlmal, Java, 558,583,610,611, 

614,616,619,677 

Tjlamls Dletrlot, West Java, 591, 

593,604,607 

TJlandJoer, West Java, 91,591,593 
Tjlanten River, Java, 565 


Tjlapoes, West Java, 578,579 
Tjlasem Region, West Java, 590 
TJlawl, West Java, 593,607,609 
TJlba, Flores, 24l 
Tjlbadak, Bantam, West Java, 572, 
593 

TJlballoeng, West Java, 573,574 
TJlbaroesa, West Java, 582,583 
TJlba toe. West Java, 593,606 
TJlbeber, West Java, 593 
TJlbeet River, West Java, 582,587 
Tjlblnong, West Java, 581 
TJlblntaro, Java, 563 
TJlbodas, West Java, 43,45,99 
TJlboengoer, West Java, 575 
TJlboenl, West Java, 596 
TJlboeroel, Java, 563 
TJldadap, Prlangan, Java, 604 
TJidano River, Java, 565 
TJideres, West Java, 6l2 
TJldJoelang, West Java, 574,593 
Tjldoerlan, West Java, 577 
Tjlemaa, Java, 75,563 
TJlgoong, Java, 91 
TJlhea, Prlangan, Java, 604,607, 
608 

TJlherang, West Java, 596 
TJlkadJang, West Java, 593 
TJikalong-koolon, West Java, 593 
TJlkalongwetan, West Java, 583, 

593 

TJlkampek, West Java, 582 
TJlkarang River, West Java, 582 
TJlkatomas, West Java, 593 
TJlkavoeng, West Java, 574 
TJlkentreng, Java, 563 
TJlkeroeh, West Java, 6l4 
TJlkoral, West Java, 597,598 
TJllakl River, Java, 565 
TJllamaJa, West Java, 582,583, 

590 

TJllangkahan, West Java, 574 
TJllatJap, Central Java, 73,623, 
624,626 

TJlleboat, West Java, 579 
TJlledoek, Cherlbon, West Java, 

614,630 

TJllegon, West Java, 572,576,578 
TJllotoe, Java, 562 
TJlleungslr, West Java, 582 
TJllllln, West Java, 593 
TJlllmoos, West Java,-6l0 
TJlllwong, West Java, 74,578,581, 

658 

TJllootoeng, West Java, 612, 615 
TJllongkrang, Central Java, 626 
TJlmahl, West Java, 563,593,606 
TJlmandlrl, West Java, 591 
TJlmangkak, Java, 563 
TJlmanls, West Java, 139,612,614 


765 

TJlmanoek River, Java, 564,565,583, 
590,591,606,612 

TJlmantJeur, West Java, 573,577 
TJlmeta, West Java, 604,605 
TJlmonas, West Java, 574,578 
TJlna, West Sumatra, 505 
TJinanggoeng, West Java, 577 
TJlnJlroean, Prlangan, Java, 601 
TJloedJoeng Project, Bantam, Java, 

571,576 

TJlamas, Java, 9I 
TJlpamlngkls River, West Java, 562 
TJlpanas, Java, 563 
TJlparaJ, West Java, 593 
TJlpasangteneng River, Java, 568 
TJlpelas River, Java, 565 
TJlplnlng, West Java, 574 
TJlpoenegara River, West Java, 589 

590,591 ' 

TJlrandJang, Meet Java, 583,595 
TJiroeas, West Java, 577 
TJlsadane, River, Java, 565,571,578, 

583 

TJlsangkoel River, Java, 565 
TJlsoeloeheum, Cherlbon, West Java, 
615 

TJlsoeroepan, 99 
TJlsokan, West Java, 596,604 
TJltadJoer, West Java, 596 
TJltandoeJ River, Central Java, 626 
Tjitandoewl, West Java, 537,591 
TJltaroem River, Java, 183,564,565, 
582, 583, 587, 590, 591,604, 606 

TJlteureup, West Java, 575 
Tjltjalengka, West Java, 593 
TJltJatl River, Java, 565 
TJltJoeroeg, West Java, 593 
TJoenda, Atjeh, Sumatra, 431 
TJoerah Boeboer, Eastern Java, 678 
TJoeroep, Southern Sumatra, 518,524 

536,547 

Tjojo, Central Java, 658 
TJomal, Central Java, 622,627 
Tjongeang, West Java, 590 
Toba Lake, Sumatra, 18,30,366,417, 
1*20, 1*1*7, 1*1*8, 1*1*9, l*'53, 1*56, 1*58, 1*63, 

535,517 

Toba Plateau, Sumatra, 448,452,456, 

^57,459 

Tobolo, Halmahera, 311,313 
Tobelombang, Celebes, 341 
Toboall, Bangka, 405 
Todjamboe, Celebes, 560,561 
Toedjoeh, Mt., Southern Sumatra, 516 
Toeladenggl River,. Celebes, 328 
Toelangbawang, Southern Sumatra, 553 
Toelehoe, Ambolna, 305 
Toeloengagoeng, Central Java, 217, 

651* 

Toe'll, Celebes, 342 
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ToeiAaba, Tlmcsr, 20,262 
Toantang, River, Java, 565^655 
Toeron, Paeoeroean, I 76 
Toowa, Mt., West Sumatra, ^95; 515 
Togo, Celebes, 377 
Tojapakeh, Ball, 204 
Tokala, Celebes, 3^1 
Tolltoll, Celebes, 321 
Tolong, D., Batak Lands, Sumatra, 
kkQ 

Tombo, Java, 50^563 
Tcmini Gulf, Celebes, 329>331 
Tcano, West Java, 590 
Tomohon, Celebes, 31^ 

Tondalo, Celebes, 31^ 

Tondano, Celebes, 21,316,320 
Tondokllta, Celebes, 362 
Tongkeh, Karo Plateau, Sumatra. 
k60 

Tonkin, French Indo-Chlna, 

Toradja Region, Celebes, 166, 352- 
369 

Tordjoen, Madoera, 693 
Torres Strait, New Guinea, 285 
Tosarl, Eastern Java, 52|667 
To Vana, Celebes, 3^5 
Trenggalek, Central Java, 652 , 65 ^ 
Trenggoelon, Java, 39 
Tretes, East Java, I 66 
Treub Mts., New Guinea, 279 
Troemon, Atjeh,- Sumatra, ^ 
Trogong, Vest Java, 593 >606 

United States of America, 333,367 

Veluwe, Netherlands, 5^3 
Verbeek Mts., Celebes, 3^^>3^5,3^6, 

3i+fi, 351,352,392,^^15 

Vesuvius, 623 

Vlakken Hoek, Southern Sumatra, 

328,536,574 

Vogelkop, New Guinea, 274, 290-292 

Wadja, Celebes, 371 
Wad Jo, Celebes, 370,301,382 
Wadoek Soembersono, Java, 52 
Vahane, Celebes, 338 
Vahang Baj, Soemba, 256 
' Wai Bsro, Flores, 24l 
Vat Dlnde, Soemba, 252 
Waihall, Timor, 269,273 


Valkaboebak, Soemba, 248 

Walkelo, Soemba, 248 

Wal Mangoera, Soemba, 248 

Wai Mere, Flores, 24l 

Wal Roelsl River, Ceram, 305 

Walngapoe, Soemba, 49,116,247,248, 

250,252,259 

Wal Rlndeh, Soemba, 252 
Walvlkoe, Timor, 269,273 
Wajang Mt., Pnangan, Java, 60 I 
Walanab* River, Celebes, 569,370, 
374,379,380,582 
Walantaka, West Java, 577 
Wallane, Celebes, 336 
Wamma, Halmahera, 313 
Wampoe, Batak Lands, Sumatra, 453 
Wampoe River, Batak Lands, 

Sumatra, 449,462,468,471 
Wangga Matl, Soemba, 247,255 
Wanokaka, Soemba, 259 
Watampone, Celebes, 370,379 
Watangsoppeng, Celebes, 379,380 
Watoe Dodol, Eastern Java, 676 
Watoe Oerlp, Java, I 6 
Watoe Soppeng, Celebes, 37 
Watoetaoe, Celebes, 352 
Way Besal, Southern Sumatra, 552 
Way Glham, Southern Sumatra, 552 
Way Illhan, Southern Sumatra, 537 
Way Lima, Sumatra, 424,524,553 
Way Oempoe, Southern Sumatra, 552 
Way Pogadoengan, Southern Sumatra, 

555 

Way Pengeoboean, Southern Sumatra, 

555 

Way Rarem, Southern Sumatra, 552 
Way Sangharoes, Southern Sumatra, 
537 

Way Sekampoeng, Southern Sumatra, 

536,537,553. 

Wal Sekampong, Sumatra, ^19,537, 

551-552 

Way Sepoetlh, Sumatra, 557,551.- 

552,553 

Way Toelangbawan Sumatra, 357, 

Way Toroesan, Southern Sumatra, 

552 

Weda Halmahera, 511,513 
Weesborg, Atjeh, Sumatra, 429, 

439 


Wehor, Timor, 262 
Weleri, Central Java, 621,627 
Wellrang, Central Java, 65 O 
Weloellk, Timor, 263 
West Indies, British, 96 
West Java, 567-618 
West Sumatra Mountains, 495-514 
Wettar, II 6 

Wlchmann Peak, New Guinea, 279 
Wldarapajoeng, Besoekl, 5 I 
Wljnkoopsbaal, West Java, 592 
Wllaloeng, Central Java, 657 
Wllangan, Central Java, 643 
Wllhelmlna Mts., Sumatra, 447, 

460 

Wllhelmlna Mb. Range, New Guinea, 

279,280 

v/llis, Central Java, 632,543,644, 
646,647,649,650,652,664 
Wlndesl, New Guinea, 5 I 
Wlndoe Mt., Prlangan, Java, 60i 
Wlradosa, Western Central Java, 627 , 

628 

Woellng, 91 

Wolh nl Padang, Atjeh, Sumatra, 454 

Wol nl Lesten, Atjeh, Sumatra, 431 

Wolo Akoer, Flores, 24l 

Wolo Atagal, Flores , 232 

Wolo Besl, Flores, 24l 

Wolo Bopo, Flores, 24l 

Wologal, Flores, 242 

Wolowaroe, Flores, 242 

Wonoglrl, Central Java, 652 

Wonoprlnggo, Eastern Central Java, 

636 

Wonosarle, Eastern Central Java, 636 
Wonosobo, Java, 622,627,629 
WonoBobo Colony, Southern Sumatra, 

557 

Wonrell, Klssar, II 6 
Woro, Central Java, 659,640 
Woro Triangle, Central Java, 64l 
Wotoe, Celebes, 358,339,340 
Wowonl'l Island, Celebes, 343,544 

X Kota, West Sumatran Mts., 501,502 

Zandbaal, West Java, 594 
’Zannegat, Molukkas, 307 
Zuider toe, Netherlands, 130 
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